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I. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, Cahfomia, by an 
assignment of the parent appUcation, U.S. Patent Application Serial No. 09/941,992 recorded 
November 16, 2001, at Reel 012176 and Frame 0450. 

II. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as "PR01112". There exist two related patent apphcations,.(l) U.S. Patent Application 
Serial No. 09/989,328, now Patent No. 7, 056, 736, issued 06-06-2006 (containing claims 
directed to nucleic acids encoding PROl 112 polypeptides), and (2) U.S. Patent Application 
Serial No. 09/990,436, filed November 14, 2001 (containing claims directed to antibodies to 
PROl 1 12 polypeptides). Related U.S. Patent Application Serial No. 09/990, 436 application is 
also under final rejection by the same Examiner and based upon the same outstanding rejections, 
an appeal is being pursued independently and concurrently herewith. 

III. STATUS OF CLAIMS 

Claims 1 19-126 and 129-131 are in this application. 
Claims 1-1 18 and 127-128 have been canceled. 

Claims 1 19-126 and 129-131 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims in the present Appeal is provided in Section IX. 

IV. STATUS OF AMENDMENTS 

A summary of the prosecution history for this case is as follows: 
Previously, in response to a Final Office Action mailed on August 15, 2005, a Notice of 
Appeal was filed on November 15, 2005 and an Appeal Brief was filed on February 13, 2006. 
An Examiner's Answer was mailed on May 2, 2006, and an RCE Response with additional 
references and affidavits supporting Appellants' arguments was filed on June 30, 2006. Two 
Final Office Actions were mailed on September 22, 2006 and October 13,. 2006, and a Notice of 
Appeal was filed March 13, 2007. 
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No claim amendments have been submitted after the last final rejection of October 13, 

2006. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated polypeptide 
comprising the amino acid sequence of the polypeptide of SEQ ID NO: 207, referred to in the 
present application as "PROl 1 12". The PROl 1 12 gene was shown for the first time in the 
present application to be significantly amplified in human lung and colon cancers as compared to 
normal, non-cancerous human tissue controls (Example 170). This feature is specifically recited 
in Claim 124, and carried by all claims dependent from Claim 124. In addition, the invention 
also claims the amino acid sequence of the polypeptide of SEQ ID NO: 207, lacking its 
associated signal-peptide; or the amino acid sequence of the polypeptide encoded by the full- 
length coding sequence of the cDNA deposited under ATCC accession number 20995 1 
(Claims 124-126 and 129). The invention is further directed to polypeptides having at least 80% 
to 99% amino acid sequence identity to the amino acid sequence of the polypeptide of SEQ ED 
NO: 207; the amino acid sequence of the polypeptide of SEQ ID NO: 207, lacking its associated 
signal peptide; or the amino acid sequence of the polypeptide encoded by the fiall-length coding 
sequence of the cDNA deposited under ATCC accession number 209951, wherein the nucleic 
acid encoding said polypeptide is amplified in lung or colon tumor (Claims 1 19-123). The 
invention is fiirther directed to a chimeric polypeptide comprising one of the above polypeptides 
fused to a heterologous polypeptide (Claim 130), and to a chimeric polypeptide wherein the 
heterologous polypeptide is an epitope tag or an Fc region of an immunoglobulin (Claim 131). 
PRO polypeptide variants having at least about 80-99% amino acid sequence identity with a full 
length PRO polypeptide sequence, or a PRO polypeptide sequence lacking the signal peptide are 
generally described in the specification at, for example, page 305, line 23 onwards, and' percent 
amino acid sequence identity determination is generally described at least at, for example, 
pages 306-308, line 14 onwards. The preparation of chimeric PRO polypeptides (Claims 130 
and 131), including those wherein the heterologous polypeptide is an epitope tag or an Fc region 
of an immunoglobulin, is set forth in the specification at page 374, lines 24 to page 375, line 9. 
Examples 140-143 and page 376, line 12 onwards describe the exjpression of PRO polypeptides 
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in various host cells, including E. coli, mammalian cells, yeast and Baculovirus-infected insect 
cells. 

The amino acid sequence of the native "PROl 112" polypeptide and the nucleic acid 
sequence encoding this polypeptide (referred to in the present application as "DNA57702-1476") 
are shown in the present specification as SEQ ID NOs: 207 and 206, respectively, and in 
Figures 135 and 134, described on pages 294, lines 10-13. The full-length PROl 112 polypeptide 
having the amino acid sequence of SEQ ID NO: 207 is described in the specification at, for 
example, on page 17 and pages 127-128 and the isolation of cDNA clones encoding PROl 112 of 
SEQ ID NO: 207 is described in Example 57, page 449 of the specification. 

Finally, Example 170, in the specification at page 539, line 19, to page 555, line 5, sets 
forth a 'Gene Amplification assay' which shows that the PROl 1 12 gene is amplified in the 
genome of certain human colon cancers (see Table 9A, page 550-551). The profiles of various 
primary lung or colon tumors used for screening the PRO polypeptide compounds of the 
invention in the gene amplification assay are summarized on Table 8, page 546 of the 
specification. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether Claims 1 19-126 and 129-131 satisfy the utility/ enablement requirement 
under 35 U.S.C. §§101/1 12, first paragraph. 

2. Whether Claims 1 19-123 and 130-131 satisfy the written description requirement 
under 35 U.S.C. §112, first paragraph. 

VII. ARGUMENTS 
Summary of the AreUntents 
Issue 1: Utility/ Enablement 

As a preliminary matter. Appellants note that the Examiner refers to the microarray assay 
in several instances in several Office Actions, and cites references like Lilley et ai, King et al, 
Wildsmith et al, Chen et al. etc. which use and analyze the microarray assay. On the other hand. 
Appellants rely upon the gene amplification data of the PROl 112 gene for patentable utility of 
the PROl 1 12 polypeptides in the present application, and would like to distinguish between the 
gene amplification and the microarray assay. The gene amplification assay measures the level at 
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which a certain gene (i.e. DNA) is amplified in the genome, whereas the microarray assay 
measures the level of expression of a mRNA encoding for a certain polypeptide in a sample. 
Throughout prosecution, the Examiner fails to distinguish between these two techniques, but 
Appellants submit that the two assays, although similar, are not the same. Appellants would also 
Uke to bring to the Examiner's attention a recent decision in a microarray case by the Board of 
Patent Appeals and Interferences (Decision on Appeal No. 2006-1469). In its decision, the 
Board reversed the utility rejection, acknowledging that "there is a strong correlation between 
mRNA levels and protein expression, and the Examiner has not presented any evidence specific 
to the PR01866 polypeptide to refute that." (Page 9). Appellants submit that, in the instant 
application, the Examiner has likewise not presented any evidence specific to the PROl 1 12 
polypepfide to refute Applicant's assertion of a correlafion between DNA levels, mRNA levels 
and protein expression. Appellants add that they analyze the microarray assay only in response 
to the Examiner's cited references. 

Appellants rely upon the gene amplification data of the PROl 1 12 gene for patentable 
ufility of the PROl 1 12 polypeptides. This data is clearly disclosed in the instant specificafion in 
Example 170 which discloses that the gene encoding PROl 1 12 showed significant amplification, 
ranging fi-om 2.196 fold to 3.364-foid amplification in seven lung tumors and the 2.092 fold to 
4.807-foId amplificafion in twelve out of fifteen colon tumors. Appellants have submitted, in 
their Response filed August 4; 2005, a Declaration by Dr. Audrey Goddard, which explains that 
a gene identified as being amplified at least 2-fold by the disclosed gene amplification assay in a 
tumor sample relafive to a normal sample is usefiil as a marker for the diagnosis of cancer , and 
for monitoring cancer development and/or for measuring the efficacy of cancer therapy. 
Therefore, such a gene is useful as a marker for the diagnosis of lung or colon cancen and for 
monitoring cancer development and/or for measuring the efficacy of cancer therapy. 

Appellants have also submitted, in their Responses filed June 25, 2004 and June 30, 
2006, ample evidence to show that, in general, if a gene is amplified in cancer, it is more likely 
than not that the encoded protein will be expressed at an elevated level. For instance, the articles 
by Omtoft et al, Hyman et al, and Pollack et al collectively teach that in general gene 
amplificafion increases mRNA expression . Second, the Declarations of Dr. Paul Polakis: 
(Polakis I and Polakis II), shows that, in general there is a correlafion between mRN A levels and 
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polypeptide levels . Third, Appellants further submit that even if there were no correlation 
between gene amplification and increased mRNA/protein expression, (which Appellants 
expressly do not concede to), a polypeptide encoded by a gene that is amplified in cancer would 
still have a specific, substantial, and credible utility. Appellants submit that, as evidenced by the 
Ashkenazi Declaration and the teachings of Hanna and Momin (both made of record in 
Appellants' Response filed June 25, 2004), simultaneous testing of gene amplification and gene 
product over-expression enables more accurate tumor classification , even if the gene-product, the 
protein, is not over-expressed. This leads to better determination of a suitable therapy for the 
tumor, as demonstrated by a real-world example of the breast cancer marker HER-2/neu. 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip arrays in 2004. Clearly, the research community believes that the 
information obtained fi'om these chips is useful (i.e., that it is more likely than not informative of 
the protein level). Therefore, as a general rule, one skilled in the art would find it more likely 
than not that PROl 1 12 and its antibodies are useful as a diagnostic tools for detecting lung or 
colon tumors. 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
should reach the conclusion that the present application discloses at least one patentable utility 
for the claimed PROl 1 1 2 polypeptides. Accordingly, one of ordinary skill in the art would also 
understand how to make and use the recited antibodies for the diagnosis of lung or colon cancer 
without any undue experimentation. 

Issue 2: Written Description 

The factors to be considered in evidencing possession of a claimed genus include 
"disclosure of complete or partial structure, physical and/or chemical properties, fiinctional 
characteristics, structure/fiinction correlation, methods of making the claimed product, or any 
combination thereof" Current applicable case law holds that biological sequences are not 
adequately described solely by a description of their desired fiinctional activities. It is, however, 
well established that a combination of functional and structural features suffices to describe a 
claimed genus, as discussed in the PTO's own Written Description Guidelines, and as set forth in 
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Enzo Biochem,, Inc, v. Genprobe, Inc. Appellants note that the claims recite structural features, 
namely, 80-99% sequence identity to the native sequence of SEQ ID NO: 207, which are 
common to the genus. The genus of claimed polypeptides is further defined by having a specific 
functional activity for the encoding nucleic acids, namely, that the encoding nucleic acid is 
amplified in lung or colon tumors. The specification provides detailed guidance as to how to 
identify the recited variants of SEQ ID NO: 207, including methods for determining percent 
identity between two amino acid sequences, as well as listings of exemplary and preferred 
sequence substitutions, as well as detailed protocols for determining whether a gene encoding a 
variant PROl 112 protein is amplified in lung or colon tumors. Thus, one of skill in the art could 
easily identify whether a variant PROl 1 12 sequence falls within the parameters of the claimed 
invention. 

Accordingly, a description of the claimed genus has been achieved by the recitation of 
both structural and fimctional characteristics. 

These arguments are all discussed in further detail below under the appropriate headings. 

Response to Rejections 

ISSUE 1. Claims 119-126 and 129-131 are Supported by a Credible. Specific and Substantial 
Asserted Utility, and Thus Meet the Utility Requirement of 35 U.S.C. §101 and the "How to Use 
Prong" of the Enablement Requirement of 35 U.S.C. §112, First Paragraph 

The sole basis for the Examiner's rejection of Claims 1 19-126 under these sections is that 
the data presented in Example 170 of the present specification is allegedly insufficient under 
applicable legal standards to establish a patentable utility under 35 U.S.C. §101 for the presently 
claimed subject matter, and further, since a patentable utility has not been established, one would 
not know how to use the claimed invention. 

Appellants strongly disagree and respectfiilly traverse the rejection. 
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A. The Legal Standard For Utility Under 35 U.S.C. SI 01 

Accordingto35U.S.C. §101: 

Whoever invents or discovers any new and useful process, machine, manufacture, 
or composition of matter, or any new and useful improvement thereof, may obtain 
a patent therefor, subject to the conditions and requirements of this title. 
(Emphasis added). 

hi interpreting the utiHty requirement, in Brenner v. Manson, ' the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent Applicant disclose a "substantial utility" for his or 
her invention, i.e., a utility "where specific benefit exists in currently available form."^ The 
Court concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy. "^ 

Later, in Nelson v. Bowler!^ the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may 
not establish a specific therapeutic use. The Court held that "since it is crucial to provide 
researchers with an incentive to disclose pharmaceutical activities in as many compounds as 
possible, we conclude adequate proof of any such activity constitutes a showing of practical 

utility."^ 

hi Cross V. lizuka,^ the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 

' Brenner v. Manson. 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
^ Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
^ Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

" Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 
' /rf. at 856, 206 U.S.P.Q. (BNA) at 883. 

* Cross V. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 
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results with the particular pharmacological activity are generally predictive of m vivo test results, 
i.e. there is a reasonable correlation there between."^ The Court perceived, "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 

8 

practical utihty." 

The case law has also clearly established that Appellants' statements of utility are usually 

9 ... 

sufficient, unless such statement of utility is unbelievable on its face. The PTO has the initial 

10 

burden to prove that Appellants' claims of usefulness are not believable on their face, hi 
general, an Appellant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in 

,,11 12 

the art to question the objective truth of the statement of utility or its scope." ' 

Compliance with 35 U.S.C. §101 is a question of fact.'^ The evidentiary standard to be 
used throughout ex par/e examination in setting forth a rejection is a preponderance of the 

14 

totality of the evidence under consideration. Thus, to overcome the presumption of truth that 
an assertion of utility by the Appellant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Appellant. The issue will then be decided on the totality of evidence. 

' Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 

8 

fd. 

' In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
10 Ibid. 

Inre Longer, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

See also In re Jolles, 628 F.2d 1322, 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (1965); In re Sichert, 566 F.2d 1 154, 1 159, 196 U.S.P.Q. 209, 212-13 (C.C.P.A. 1977). 

" Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied. 469 
US 835 (1984). 

" In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
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The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines"),'^ which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when 
it is particular to the subject matter claimed. For example, it is generally not enough to state that 
a nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the 
public" or similar formulations used in certain court decisions to mean that products or services 
based on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement. "Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least with 
regard to defining a 'substantial utility.'"'^ hideed, the Guidelines for Examination of 
Applications for CompHance With the Utility Requirement,'^ gives the following instruction to 
patent examiners: "If the Applicant has asserted that the claimed invention is useful for any 
particular practical purpose ... and the assertion would be considered credible by a person of 
ordinary skill in the art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Appellants submit that the evidentiary standard to be used throughout ex parte 
examination of a patent application is a preponderance of the totality of the evidence under 
consideration. Thus, to overcome the presumption of truth that an assertion of utility by the 
Appellant enjoys, the Examiner must establish that it is more likely than not that one of ordinary 
skill in the art would doubt the truth of the statement of utility. Only after the Examiner has 

66 Fed. Reg. 1092(2001). 
" M.P.E.P. §2107.01. 
M.P.E.P. §2107 11(B)(1). 
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made a proper prima facie showing of lack of utility, does the burden of rebuttal shift to the 
Appellant. 

Appellants respectfully submit that the data presented in Example 170 starting on 
page 539 of the specification of the specification and the cumulative evidence of record, which 
underlies the current dispute, indeed support a "specific, substantial and credible" asserted utility 
for the presently claimed invention. 

Patentable utility for the PROl 112 polypeptides is based upon the gene amplification 
data for the gene encoding the PROl 1 12 polypeptide. Example 170 describes the results 
obtained using a very well-known and routinely employed polymerase chain reaction (PCR)- 
based assay, the TaqMan™ PCR assay, also referred to herein as the gene amplification assay. 
This assay allows one to quantitatively measure the level of gene amplification in a given 
sample, say, a tumor extract, or a cell line. It was well known in the art at the time the invention 
was made that gene amplification is an essential mechanism for oncogene activation. Appellants 
isolated genomic DNA from a variety of primary cancers and cancer cell lines that are listed in 
Table 9 (pages 539 onwards of the specification), including primary colon cancers of the type 
and stage indicated in Table 8 (page 546). The tumor samples were tested in triplicates with 
Taqman™ primers and with internal controls, beta-actin and GADPH in order to quantitatively 
compare DNA levels between samples (page 548, lines 33-34). As a negative control, DNA was 
isolated fi-om the cells often normal healthy individuals, which was pooled and used as a control 
(page 539, lines 27-29) and also, no-template controls (page 548, lines 33-34). The results of 
TaqMan™ PCR are reported in ACt units, as explained in the passage on page 539, lines 37-39. 
One unit corresponds to one PCR cycle or approximately a 2-fold amplification, relative to 
control, two units correspond to 4-fold, 3 units to 8-fold amplification and so on. Using this 
PCR-based assay, Appellants showed that the gene encoding for PROl 112 was amplified, that is, 
it showed approximately 1.135-1.775 ACt units which corresponds to 21135 .2 1-775. fold 
amplification or 2.196 fold to 3.364-fold amplification in seven lung tumors and 1.065-2.265 
ACt units which corresponds to 21065 .2 2.265. fold amplification or 2.092 fold to 4.807-fold 
amplification in twelve out of fifteen colon tumors. 

Appellants point out that the Declaration by Dr. Audrey Goddard provides a statement by 
an expert in the relevant art that "fold amplification" values of at least 2-fo ld are considered 
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significant in the TaqMan^M pcR gene amplification assay. Appellants particularly draw the 

Board's attention to page 3 of the Goddard Declaration which clearly states that: 

It is further my considered scientific opinion that an at least 2-foId increase in 
gene copy number in a tumor tissue sample relative to a normal (i.e.. non-tumor) 
sample is significant and useful in that the detected increase in gene copy number 
in the tumor sample relative to the normal sample serves as a basis for using 
relative gene copy number as quantitated by the TaqMan PCR technique as a 
diagnostic marker for the presence or absence of tumor in a tissue sample of 
unknown pathology. Accordingly, a gene identified as being amplified at least 2- 
fold by the quantitative TaqMan PCR assay in a tumor sample relative to a normal 
sample is useful as a marker for the diagnosis of cancer, for monitoring cancer 
development and/or for measuring the efficacy of cancer therapy. 
(Emphasis added). . 

Accordingly, the 2.196 fold to 3.364-foId amplification in seven lung tumors and the 
2.092 fold to 4.807-fold ampUfication in twelve out of fifteen colon tumors would be considered 
significant and credible by one skilled in the art, based upon the facts disclosed in the Goddard 
Declaration. 

Further, as discussed in detail below, Appellants have provided ample evidence in the 
form of articles fi-om the art, like Omtoft et ai, Hyman et al, Pollack et al, and over a 100 
references (see Evidence List items 14-145) and Declarations by experts in the field of oncology 
and gene expression, i.e.: the Declarations by Dr. Paul Polakis (I and II) and by Dr. Avi 
Ashkenazi , to show that, in general, if a gene is amplified in cancer, it is "more likely than not" 
that the encoded protein will also be expressed at an elevated level. 

C. A Prima facie case of lack of utility has not been established 

As discussed above, the increase in DNA copy number for the PROl 1 12 gene is 
significant. Further, the evidentiary standard to be used throughout ex parte examination of a 
patent application is a preponderance of the totality of the evidence under consideration. Thus, 
to overcome the presumption of truth that an assertion of utility by the applicant enjoys, the 
Examiner must establish that it is more likelv than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. 

Accordingly, it is not a legal requirement to establish a necessary correlation between an 
increase in the copy number of the DNA and protein expression levels that would correlate to the 
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disease state or that it is imperative to find evidence that DNA ampUfication is "necessarily" or 
"always" associated with overexpression of the gene product. Appellants respectfully submit 
that when the proper evidentiary standard is applied, a correlation must be acknowledged. Only 
after the Examiner has made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Applicant. 

Previously, the Examiner has indicated, based on references Pennica et al, Konopka et 
al and Haynes et al., that gene ainplification data cannot reliably predict protein levels. 
Appellants have argued the references in great detail throughout prosecution and these arguments 
are incorporated by reference herein for brevity. Appellants summarize the rejections and the 
arguments submitted below. 

The teachings of Pennica et al. are specific to WISP genes, a specific class of closely 
related molecules. Pennica et al. showed that there was good correlation between DNA and 
mRNA expression levels for the WISP-l gene, but not for WISP-2 and WISP-3 genes. WISPs 
1-3 have no structural relafionship to the PROl 1 12 polypeptides of the present application. The 
apparent finding that for two out of three specific molecules, that are related to each other but 
have no relationship to PROl 1 12, there was no correlation between gene ampUfication and the 
level of mRNA/protein expression does not establish, in general, that it is more likely than not 
that such correlation does not exist, and has no bearing whatsoever on determining the question 
whether such correlation is likely to exist between PROl 112 gene amplification and 
mRNA/protein expression levels. As discussed above, the standard is not absolute certainty . 
Pennica et al has no teaching whatsoever about the correlation of gene ampUfication and protein 
expression for genes in general , or PROl 1 12, or related molecules in particular. 

Similarly, in Konopka et al, the Examiner has generalized a very specific result disclosed 
by Konopka et al to cover all genes. Konopka et al actually states that "[p]rotein expression is 
not related to amplification of the abl gene but to variafion in the level oibcr-abX mRNA 
produced from a single Ph^ template." (See Konopka et al Abstract, emphasis added). The 
paper does not teach anything whatsoever about the correlation of protein expression and gene 
amplification in general and provides no basis for the generalizafion that apparently underlies 
the present rejection. The statement of Konopka et al that "[p]rotein expression is not related to 
amplificafion of the abl gene ..." is not sufficient to establish a prima facie case of lack of 
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utility. Therefore, the combined teachings of Pennica et al and Konopka et al are not directed 
towards genes in general but to a single gene or genes within a single family and thus, their 
teachings cannot support a general conclusion regarding correlation between gene amplification 
and mRNA or protein levels. In addition the abl gene has no structural relationship to the 
PROl 112 gene of the present application and thus, Konopka et al provides no information of 
specific relevance to the question whether for PROl 112 there is a reasonable expectation that 
correlation between gene amplification and mRNA/protein expression levels is hkely to exist. 

The Examiner also cited Haynes et al to show that transcript levels and protein levels do 
not correlate. However, Appellants had shown that Haynes themselves admit that " there was a 
general trend, although no strong correlation between protein [expression] and transcript levels" 
(see Figure 1 and page 1863, paragraph 2.1, last line). Therefore, when the proper legal standard 
is used, Haynes clearly supports the Appellants* position that in general, a positive correlation 
exists between mRNA and protein expression levels . Since accurate prediction is not the 
standard , a prima facie case of lack of utility has not been met based on the cited references 
Pennica et al, Konopka et al and Haynes et al Appellants respectfully submit that, contrary to 
the Examiner's assertion, none of the cited reference conclusively QSizbXxsh di prima facie case 
for lack of utility for the PROl 1 12 molecule. 

Appellants have already discussed references Hu et al, Chen et al, Lian et al, Fessler et 
al, in great detail in their previous responses (see Appeal brief filed February 13, 2006), and 
these arguments are hereby incorporated by reference for brevity. 

Briefly, the analytical methods utilized by Hu et al have certain statistical drawbacks, as 
the authors themselves admit, and Hu et al 's conclusions only apply to a specific type of breast 
tumor (estrogen receptor (ER)-positive breast tumor) and cannot be generaHzed to breast cancer 
genes in general, let alone to cancer genes in general. 

Regarding Lian et al. Appellants respectfully submit that Lian et al only teach that 
protein expression may not correlate mRNA level in differentiating mveloid cells, and not about 
genes in general . In fact, the authors themselves admit that there were a number of problems 
with their data . For instance, at page 520 of this article, the authors explicitly express their 
concerns regarding the methods they utilized and the interpretation of their data stating that 
" [t]hese data must be considered with several caveats: membrane and other hydrophobic proteins 

-14- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/992,643 
Attorney's Docket No. 39780-2730 P1C13 



and very basic proteins are not well displayed bv the standard 2DE app roach, and proteins 
presented at low leyel will be missed. In addition, to simplify MS analysis, we used a Coomassie 
dye stain rather than silver to yisualize proteins, and this decreased the sensitivit y of detection of 
minor proteins. " (Emphasis added). Besides, Lian a/. 's conclusions are based on the 
Coomassie dye staining method, which is not a very sensitive method of measuring protein. 

Similarly, in Fessler et al, examined lipopoysaccharide-activated neutrophilins, in 
response to LPS stimulation. Fessler et al also used the Coomassie Blue dye staining method, 
and concede that it is known to have a limited protein binding range and a non-hnear curve for 
protein detection. Protein identification in their study was also done using two-dimensional 
PAGE, which is, by their own admission, limited only to well-resolved regions of the gel , and 
therefore, may have performed less well with hydrophobic and high molecular weight proteins 
(seepage 31301, col. 1). 

In addition, Chen et al also concede that there are problems with 2D gel protein 
detection and therefore, cannot accurately predict protein levels. For instance, Chen et al, says 
that, "(i)t is apparent that without prior enrichment only a relatively small and highly selected 
population of long-lived, highly expressed proteins is observed. There are many more proteins in 
a given cell, which are not visualized by such methods. Frequently it is the low abundance 
proteins that execute key regulatory functions " (page 1870, col. 1, emphasis added). Thus, Chen 
et al, concede that by selecting proteins visualized by 2D gels, they are likely to have excluded 
in their analysis many key regulatory proteins which could be candidate cancer markers. 

Further, the microarray analysis provided by Chen et dl in fact support the Appellants 
general proposition that, even if protein levels cannot be accurately predicted (which is not 
required by the utility standard), in the majority of the proteins studied it is most likely than not 
that an increase in gene amplification or mRNA levels generally correlates well with increased 
protein levels. In Table 1,. which lists 66 genes [the paper incorrectly states there are 69 genes 
listed] for which only one protein isoform is expressed. Chen et al show that 40 genes out of 66 
had a positive correlation between mRNA expression and protein expression , which clearly 
meets the standard for "more likely than not". Similarly in Table II , 22 genes out of 30 [again 
the paper incorrectly states there are 29] and at least one isoform, showed a positive correlation 
between mRNA expression and protein expression. Furthermore, 12 genes out of 29 showed a 
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strong positive correlation [as determined by the authors] for at least one isoform. Therefore, the 
authors of the Chen paper clearly agreed that microarrays provided a reliable measure of the 
expression levels of the gene and could be used to identify genes whose overexpression is 
associated with tumors. 

In summary, Hu et al, Lian et al. Chen et al. and Fessler et al. do not conclusively teach 
that, in general, protein levels cannot .be accurately predicted from mRNA/ gene amplification 
' levels. These authors concede that either due to insensitive protein detection methods or due 
their methodologies utilized in their protocols, some protein species may have been 
underrepresented over others. Therefore, the teachings of these references cannot be relied upon 
to establish a prima facie showing of lack of utility. On the other hand, as noted even in Haynes 
et al. and Chen et al, most genes showed a positive correlation between increased gene 
amplification, mRNA and translated protein. 

Alberts and Lewin etal. (Items 15 and 16 of the Evidence List) 

The Examiner acknowledges that "the teachings of Alberts and Lewin (which) disclose 
that initiation of transcription is a common point for a cell to regulate the gene expression" but 
asserts that "it is not the only means of regulating gene expression". (Final Office Action of 
September 22, 2006). 

Appellants respectfully disagree and submit that the utility standard is not absolute 
certainty. Therefore, Appellants do not need to establish that the production of RNA is 
inevitably equated with production of protein in order to meet the utility standard. Instead, as 
long as it is more likelv than .not that a change of the transcription level of a gene gives rise to a 
change in translation level of a gene, the utility standard is met. 

Meric et al. qtem 92 of the Evidence List) 

The Examiner asserts that Meric teaches that "gene expression is quite complicated and is 
also regulated at the level of mRNA stability, mRNA translation, and protein stability" (Final 
Office Action of September 22, 2006). 

Appellants respectfully submit that Meric simply summarizes the translation regulation of 
cancer cells. Meric indicates that translation initiation is regulated in response to nutrient 
availability and mitogenic stimulation and is coupled with cell cycle progression and cell growth. 
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Meric further discusses that alteration in translation control occur in cancer. For example, 
variant mRNA sequences can alter the translational efficiency of individual mRNA molecule. 
(See Abstract). Meric further teaches that the changes of the translational efficiency of a mRNA 
transcript depend on the mutation of a specific mRNA sequence. (Page 973, column 2 to 
page 91556, column 1). Meric never suggest that the translation of a cancer gene is suppressed 
in cancer in general and therefore the increased mRNA levels will not yield an increased protein 
levels. To the contrary, Meric teaches that the translation efficiency of a number of cancer genes 
is enhanced in cancer cells when compared to its normal counterpart. For instance, in patient 
with multiple myeloma, a C-T mutation in the c-myc IRES was identified and found to cause an 
enhanced initiation of translation. (Page 91556, column 1). Therefore, the level of proteins 
encoded by these genes increases in cancer cells at an even higher magnitude than the mRNA 
level. 

Appellants emphasize that it is not a legal requirement to establish an absolute correlation 
between an increase in the mRNA level and protein expression levels that would correlate to the 
disease state nor is it imperative to find evidence that protein levels can be accurately predicted. 
Therefore, the Examiner has misinterpreted the teaching of Meric and has applied an improperly 
high evidentiary standard. Therefore, the Examiner has failed to establish a prima facie showing 
of lack of utility. 

Godbout et al, (Item 46 of Evidence List) 

The Examiner asserts that of the references cited by Appellants in their IDS filed June 30, 
2006, only "Godbout is drawn to the predictability of protein levels based upon genomic DNA 
ampHfication" (Final Office Action of October 13, 2006). 

Appellants respectfully submit that, as discussed in the RCE response of June 30, 2006, 
there are several other references; for instance, Bea et al. investigated gene amplification, mRNA 
expression, and protein expression of the putative oncogene BMI-1 in human lymphoma 
samples, and supports Appellants' assertion that gene amplification is correlated with both 
increased mRNA and protein expression. 

The Examiner further asserts that unlike Godbout et al,, the instant specification does not 
teach structure/ function analysis and the Examiner questions whether the level of genomic 
amplification of DDXl gene is comparable to the disclosed PROl 1 12. 
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Appellants respectfully submit that it was never claimed that PROl 112 is similar in any 
way to the DDXl gene of Godbout et al\ in fact the Godbout reference was submitted to show 
good correlation between protein levels based upon genomic DNA amplification, which the 
Examiner clearly agrees with. Structure/function data, which the Examiner requests, is not a 
requirement for the utility requirement, hence this rejection is improper. 

Lillev et al. King et al and Wildsmith et al 

The Examiner cites Lilley et al to show that "the extrapolation that changes in transcript 
level will also result in corresponding changes in protein amount or activity cannot always be 
made." (Final Office Action of September 22, 2006). 

Appellants reiterate that it is not a legal requirement for utility to establish a necessary 
correlation between an increase in the mRNA level and protein expression levels, or to show that 
changes in transcript level should always result in corresponding changes in protein amount or 
activity. Accordingly, the question is not whether a correlation between an increase in mRNA 
and protein expression levels always exists, rather if it is more likely than not that a person of 
ordinary skill in the pertinent art would recognize such a positive correlation. Nowhere in the 
Lilley paper does the author suggest that it is more likely than not that altered mRNA levels 
does not correlate with altered protein levels. On the contrary, the statement that "changes in 
transcript level will also result in corresponding changes in protein amount or activity cannot 
always be made" implies that the mRNA/protein correlation exists in most cases. 

The Examiner cites King et al to show that "mRNA levels do not necessarily correlates 
with protein levels." (Final Office Action of September 22, 2006). 

First of all, Appellants note that the instant application is not directed to the microarray 
assay as in King et al. As discussed above, the utility standard is not absolute certainty. 
Therefore, Appellants should not be required to show a "necessary correlation" between mRNA 
and protein levels in order to establish a patentable utility. King never indicates that it is more 
likely than not that a general correlation between the mRNA and protein levels for a gene does 
not exist, this paper alone does not suffice to establish a prima facie showing of lack of utility. 

Appellants also note that the author discussed numerous advantages of the microarray 
technology, which offers tremendous advantages in the study of human diseases. For instance, 
on page 2287, the author states that " microarrays can be expected to prove extremely valuable 
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as tools for the study of the generic basis of complex diseases. The ability to measure expression 

profiles across entire genomes provides a level of information not previously attainable 

Microarrays make it possible to investigate differential gene expression in normal vs. diseased 
tissue, in treated vs. non-treated tissue, and in different stages during the natural course of the 
disease, all on a genomic scale. Gene expression profiles may help to unlock the molecular basis 
of phenotype, response to treatment, and heterogeneity of disease. Therefore, if anything, 
the King reference supports the use of the microarray in the diagnosis of human diseases, which 
silently assumes that, more than likely, increases in mRNA levels correlate well with increases in 
protein levels which in turn impacts disease. 

Similarly, Wildsmith never indicated that it is more likely than not that a general 
correlation between the mRNA and protein levels for a gene does not exist. Therefore, this paper 
is not sufficient to establish a prima facie showing of lack of utility. In fact, the Wildsmith paper 
discusses examples of a number of successes of microarray applications in the detection of 
human diseases (see Page 284). For instance, the author has pointed out that "one area of rapid 
progress using microarray technology is the increased understanding of cancer. Molecular 
pathologies are subgrouping cancers of tissues such as blood, skin, and breast, based on 
differential gene expression patterns. For example, within a small group of breast cancer tissue 
samples, Perou et aL distinguished two broad subgroups representing those expressing or 
altematively lacking expression of the oestrogen receptor- y- gene. The work was not 
conclusive, but never has progress in this field been so rapid when compared with the previous 
methods of gene amplification. Another example of the impact of this technology is in the 
identification of two biomarkers for prostate cancer, namely hepsin and PIMl (Dhanasekaran et 
a/., 2001). Microarray technology has also accelerated the understanding of the molecular events 
surrounding pulmonary fibrosis. Specially, two distinct clusters of genes associated with 
. imflammation and fibrosis have been identified in a disease where, for years, the pathogenesis 
and treatment have remained unknown (Katsuma et al , 200 1 )." 

Therefore, collectively, the references Lilley et al, Wildsmith et al, and King et al 
references cited by the Examiner show that the art indicates that, generally, if a mRNA is 
overexpressed in cancer, it is more likely than not that the encoded protein will also be expressed 
at an elevated level. 
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Madoz Gurpide et al and Celis et al 

The Examiner cites Madoz-Gurpide et al and Celis et al to show that one cannot 
accurately predict protein levels based on mRNA levels (made of record by the Examiner in the 
Final Office Action mailed September 22, 2006). 

Madoz-Gurpide et al explains that mRNA expression alone does not provide information 
regarding the "activation state, post-translational modification or localization of 
corresponding proteins" (emphasis added; page 168, col. 1). That is, Madoz-Gurpide et al 
explains that mechanisms are not apparent from mRNA expression alone. Madoz Gurpide et al 
further states that, it is "unclear" how well the reported RNA levels correlate with protein levels. 
In support of this assertion, the authors cite only a single reference, namely, the Chen et al, 
which was discussed above and in detail in the Appeal Brief filed February 13, 2006. Madoz 
Gurpide et al also acknowledge that the DNA microarray studies, such as those carried out by 
Beer et al (specifically cited by the authors at page 52), "justify the use of this technology for 
uncovering patterns of gene expression that are clinically informative" (emphasis added; 
page 53). Thus, while Madoz-Gurpide et al note that it is "more difficult to develop an 
understanding of disease at a mechanistic level using DNA microarrays," (emphasis added; 
page 53), Appellants respectfully point out that that "understanding of a disease at the 
mechanistic level" is not relevant to Appellants' assertions of utility, as discussed above. 
Accordingly, a prima facie case cannot be made based on the teachings within the Madoz- 
Gurpide et al reference. 

Like Madoz-Gurpide et al, Celis et al discuss that mechanisms are not apparent from 
mRNA expression alone. Celis et al note that "proteomics addresses problems that cannot be 
approached by DNA analysis, namely, relative abundance of the protein product, post- 
translational modification, subcellular localization, tumover, interaction with other proteins as 
well as functional aspects" (page 6, col. 2). However, in their discussion, Celis al cite Omtoft 
et al (Item 103 of Evidence List) and note that "in most cases there was a good correlation 
between transcript and protein levels." Celis et al further explains that those few cases which 
showed apparent discrepancies may have been due to other causes, such as post-transcriptional 
processing or degradation of the protein, or the choice of methods used to assess protein 
expression levels. Celis et al_ further note that the observation that there is often more change in 
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mRNAs as compared to the proteins may be due to the fact that current technologies detect 
mainly high abundance proteins, while most of the changes affecting protein levels may involve 
low abundance proteins. Thus, the correlation between mRNA and protein levels may be even 
higher than typically observed, given these factors. Cells et al. explains that proteomics is useful 
in combination with arrays "for the entire process of drug development and evaluation." (page 6; 
col. 1). Appellants further submit that significant correlations between gene and protein 
expression are most likely to be observed for genes associated with cancer, since as Cells et al. 
note, "transformation resulted in the abnormal expression of normal genes, rather than in the 
expression of new ones" (page 11, col. 1). Accordingly, alterations in gene amplification or 
expression are more likely to be associated with altered protein expression in the case of cancer 
than in other cases where DNA microarrays are used, because, as explained by Cells etal, the 
alterations in expression levels of certain normal proteins are part of the process that leads to 
cancer. 

Accordingly, a prima facie case cannot be made based on the teachings within the Cells 
et al. reference. In fact, Appellants submit that. Cells et al. support the Appellants contention 
that it is more likely than not that changes in mRNA levels reflect changes in protein levels, in 
general. 

Nagaraia et al.. Waghrav et at., Saganaliev et al. 

The Examiner also asserts that "[c]omprehensive studies where significantly large 
numbers of transcripts and proteins were examined report that increases in mRNA and protein 
samples are not correlated." (Final Office Action of September 22, 2006). In support of this 
assertion, the Examiner cites three new references, by Nagaraja et al, Waghray etal, and 
Sagynaliev et al. 

The Examiner cites Nagaraja et al. as allegedly teaching that. "the proteomic profiles 
indicated altered abundance of fewer proteins as compared to transcript profiles." (Final Office 
Action of September 22, 2006). 

Appellants respectfully submit that the fact that many more transcripts than proteins were 
found to be differentially expressed does not mean that most mRNA changes did not result in 
correlating protein changes, but merely reflects the fact that expression levels were m easured for 
fewer proteins than transcripts . In particular, the total number of proteins whose expression 
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levels could be visualized on silver-stained gels was only about 300 (page 2332, col. 1), as 
compared to the approximately 14,500 genes on the microarray chips for which mRNA levels 
were measured (page 2336, col. 1). Since the expression levels of so many fewer proteins than 
transcripts were measured, it is hardly surprising that a smaller absolute number of proteins than 
mRNAs were found to be overexpressed, because the protein products of most of the 
overexpressed mRNAs would not have been among the small number of proteins identified on 
the gels. 

The Examiner next cites Waghray et al, to the effect that "for most of the proteins 
identified, there was no appreciable concordant change at the RNA level," and that "[t]he change 
in intensity for most of the affected proteins identified could not be predicted based on the level 
of the corresponding RNA." (Final Office Action of September 22, 2006). Appellants reiterate 
that they need only show that there is a correlation between mRNA and protein levels, such that 
mRNA overexpression generally predict protein overexpression. A showing that mRNA levels 
can be used to "accuratelv predict" the precise levels of protein expression is not required . 

Appellants also emphasize that Appellants are asserting that a measurable change in 
mRNA level generally leads to a corresponding change in the level of protein expression, not 
that changes in protein level can be used to predict changes in mRNA level. Waehrav et al. did 
not take genes which showed significant mRNA changes and check the correspo nding protein 
levels . Instead, the authors looked at a small and unrepresentative number of proteins, and 
checked the corresponding mRNA levels. Waghray et al. acknowledge that only "[a] relatively 
small set of genes could be analyzed at the protein level, largely due to the limited sensitivity of 
2-D PAGE" (page 1337, col. 1). In particular, while the authors examined the expression levels 
of 16,570 genes (page 1329, col. 2), they were able to measure the expression levels of only 
1031 proteins (page 1333, col. 2). Waghray et al. does not teach that changes in mRNA 
expression were not correlated with changes in expression of the corresponding protein. All 
Waghray et al. states is that "for most of the proteins identified, there was no appreciable 
concordant change at the mRNA level" (page 1337, col. 2). This statement is not relevant to 
Appellants' assertion of utility, since Appellants are not asserting that changes in mRNA levels 
are the only cause of changes in protein levels. Waghray et al. do not contradict Appellants' 
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assertion that changes in mRNA expression, in general, correspond to changes in expression of 
the corresponding protein. 

Lastly, the Examiner cites Sagynaliev et al, as allegedly teaphing that "it is also difficult 
to reproduce transcriptomics results with proteomics tools." In particular, the Examiner notes 
that according to Sagynaliev et aL, of 982 genes found to be differentially expressed in human 
CRC, only 177 (18%) have been confirmed using proteomics technologies. (Final Office Action 
ofSeptember22, 2006). 

The Sagynaliev et al reference, titled " Web-based data warehouse on gene expression in 
human colorectal cancer" (emphasis added), drew conclusions based upon a literature survey of gene 
expression data published in human CRC , and not from experimental data. While a literature survey 
can be a useful tool to assist researchers, the results may greatly over-represent or under-represent 
certain genes, and thus the conclusions may not be generally applicable. In particular, Appellants 
note that, as evidenced by Lian al, Nagaraja et al, and Waghray et al, discussed above, the 
number of mRNAs examined in transcriptomics studies is tvpicallv much larger than the number of 
proteins examined in corresponding proteomics studies , due to the difficulties in detecting and 
resolving more than a small minority of all expressed proteins on 2D gels. Thus the fact that only 
18% of all genes found to be differentially expressed in human CRC have been confirmed using 
proteomics technologies does not mean that the corresponding proteins are not also differentially 
expressed, but is most likely due to the fact that the corresponding proteins were not identified on 2D 
gels, and thus their expression levels remain unknown. 

The authors of Sagynaliev et al acknowledge the many technical problems in finding 
proteomic data for CRC that can be matched to transcriptomic data to see if the two correlate. The 
authors state that "results have been obtained using heterogeneous samples in particular cell lines, 
whole tissue biopsies, and epithelial cells purified from surgical specimens." However, "Results 
obtained in cell lines do not allow accurate comparison between normal and cancer cells, and the 
presence/absence of proteins of interest has to be confirmed in biopsies." (Page 3072, left column.) 
In particular, the authors specifically note that "only a single study [1] provided differential display 
protein expression data obtained in the human patient, using whole tissue biopsy." (Page 3068, left 
column, second paragraph; see also. Table 2.) 
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Appellants further note that Table 2 shows that 6 out of 8 published proteomics studies were 
done using 2-D PAGE. However, the authors state that "2-D PAGE or 2-D DICE have well-known 
technological limitations ... even under well-defined experimental conditions, 2-D PAGE parallel 
analysis of paired CRC samples is hampered by a significant variability." (Page 3077, left column, 
third paragraph.) Therefore, Appellants respectfiiUy submit that it is well known in the art that there 
are problems associated with selecting only those proteins detectable by 2D gels. 

Li et al. 

The Examiner cites new reference Li et al. as teaching that "68.8% of the genes showing 
over-representation in the genome did not show elevated transcript levels." (Final Office Action 
of October 13, 2006). 

Appellants respectfully point out that Li et al. acknowledge that their results differed 
fi-om those obtained by Hyman et al. and Pollack et al. (of record), who found a substantially 
higher level of correlation between gene amplification and increased gene expression. The 
authors note that "[t]his discordance may reflect methodologic differences between studies or 
biological differences between breast cancer and lung adenocarcinoma" (page 2629, col. 1). For 
instance, as explained in the Supplemental Information accompanying the Li article, genes were 
considered to be amplified if thev had a copy number ratio of at least 1.40. In the case of 
PROl 1 12, as discussed in previously filed responses and in the Goddard Declaration (of record), 
an appropriate threshold for considering gene amplification to be significant is a copy number of 
at least 2.0 (which is a higher threshold). The PROl 1 1 2 gene showed significant amplification 
of 2.196 fold to.3.364-foId amplification in seven lung tumors and 2.092 fold to 4.807-fold 
amplification in twelve out of fifteen colon tumors , and thus fully meets this standard. It is not 
surprising that, in the Li et al. reference, by using a lower threshold of 1 .4 for considering gene 
amplification, a higher number of genes not showing corresponding increases in mRNA 
expression were found. Nevertheless, the results of Li et al. do not conclusively disprove that a 
gene with a substantiallv higher level of gene amplification , such as PROl 112. would be 
expected to show a corresponding increase in transcript expression. 

Therefore, the Patent Office has failed to meet its initial burden of proof that Appellants' 
claims of utility are not substantial or credible. The arguments presented by the Examiner based 
on references Pennica et al, Konopka et al., Haynes et al, Hu et al, Chen et al, Lian et al, 
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Fessler et al, Lilley et ai. King et ah, Wildsmith et al, Nagaraja et ai, Sagynaliev et al, 
Waghray et al, Madoz-Gurpide et al, Celis et al, and Li et al, do not provide sufficient reasons 
to doubt the statements by Appellants that PROl 1 12 has utility as a diagnostic marker for colon 
cancer. Appellants once again remind the Examiner that only after the Examiner has made a 
proper vrima facie showing of lack of utility, does the burden of rebuttal shift to the Appellant. 
Based on the above discussions, such a showing has not been made. Accordingly, the instant 
rejection should be withdrawn for the Examiner's lack of establishment oi di prima facie 
showing. 

The Examiner also argues, based on the Hittelman reference, that "(t)he art recognizes 
that lung epithelium is at risk for cellular damage due to direct exposure to environmental 
pollutants and carcinogens, which result in aneuploidy before the epithelial cells turn 
cancerous. . .Hittelman teach that damaged, precancerous lung epithelium is often aneuploid." 

Appellants submit that, even if the amplification of the PROl 1 12 gene were due to 
chromosomal aneuploidy (which Appellants expressly do not concede to), the art exemplified by 
the Hittelman et al reference still supports the Appellants' position for utility, because there is 
utility for an aneuploid gene at least as a marker for cancer or precancerous cells or damaged 
tissue . For example, Hittelman, who studied premalignant lung lesions, suggests that epithelial 
tumors develop through a multistep process driven by genetic instability (see Hittelman abstract). 
Hittelman showed that the same subset of molecular changes found in associated tumor were 
also found in premalignant lesions, suggesting that these premalignant lesions might represent 
precursor lesions for associated tumors. In other words, Hittelman suggests that cancer is a 
manifestation of a multistep tumorigenesis process (see Hittelman, page 4, last three lines). 
Therefore, contrary to the Examiner's interpretation, the Hittelman reference strongly supports 
the Appellants position in that the cited art makes clear that there is utility in identifving genetic 
biomarkers in epithelial tissues at cancer risk . For example, Hittelman clearly says that "it is 
important to identify individuals at significantly increased cancer risk who might best benefit 
from different types of intervention" (see page 2, fourth paragraph, line 3 and also the abstract, 
line 4-7 of Hittelman). Therefore, even if Appellants were to show that the observed PRO l 1 12 
gene amplification were due to chromosomal aneuploidy (which Appellants do not concede to), 
identification of such a genetic biomarkers is a very important and useful step, according to 
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Hittelman, in identifying individuals at significantly increased cancer risk. In fact, one skilled in 
the art would find it entirely reasonable from Hittelman that early detection of lung cancer would 
provide vital, advance information regarding risk assessment, prognosis and therapy for lung 
cancer. Accordingly, the PROl 1 12 polynucleotides and the polypeptides that they encode, find 
utility at least as a diagnostic marker for individuals at risk of developing lung cancer, for the 
reasons discussed above. Thus, a prima facie case for lack of utility has not been made based on 
the Hittelman reference. 

Moreover, Appellants acknowledge that, in certain instances, DNA/mRNA and protein 
levels do not correlate. In fact. Appellants have included several such references directed 
towards a single gene or genes that lack a correlation in their IDS filed June 30, 2006. The 
references discussed in the Preliminary Amendment filed June 30, 2006, and the arguments 
therein are hereby incorporated by reference for brevity. The IDS included references that 
studied single genes or gene families, multiple or large families of genes, and included studies 
that a wide variety of techniques, including gene amplification and microarray. Regardless of 
the techniques employed, by and large, increased genes/ transcripts levels mostly correlated with 
increased protein levels, even if accurate predictions of proteins could not be made . As 
discussed throughout prosecution, the law does not require the existence of a "necessary" 
correlation between DNA/mRNA and protein levels, or that protein levels be "accurately 
predicted". In fact, authors in several of the cited references (cited both, by the Examiner, and 
by Appellants) themselves acknowledge that there is a general correlation between protein 
expression and transcript levels and DNA levels, which meets the "more likely than not 
standard". 

In summary. Appellants maintain that even though there are certain instances where a 
correlation, between DNA/mRNA and protein levels do not exist, in most cases , there is 
generally good correlation between them, and this was collectively demonstrated in the more 
than 100 references submitted by the Appellants in the IDS filed June 30, 2006. 

D. The Gene Amplification Data Establishes Credible. Substantial and Specific 
Patentable Utility for the PROl 112 Polypeptide and its antibodies 

On the other hand, as discussed throughout prosecution, Appellants submit that Example 

170 of the specification further discloses that, "(a)mplification is associated with overexpression 
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of the gene product, indicating that the polypeptides are usef ul targets for therapeutic 
intervention in certain cancers such as lung, colon, breast and other cancers and diagnostic 
determination of the presence of those cancers" (Emphasis added). Appellants have also 
submitted ample evidence to show that, in general, if a gene is amplified in cancer, it is "more 
likely than not" that the encoded protein v^ill also be expressed at an elevated level. 

Besides the reference, the Declaration by Dr. Paul Polakis (Polakis I - made of record in 
Appellants' Response filed June 25, 2004), principal investigator of the Tumor Antigen Project 
of Genentech, Inc., the assignee of the present application, explains that in the course of Dr. 
Polakis' research using microarray analysis, he and his co-workers identified approximately 200 
gene transcripts that are present in human tumor cells at significantly higher levels than in 
corresponding normal human cells. Appellants submit that Dr. Polakis' Declaration was 
presented to support the position that there is a correlation between mRNA levels and 
polypeptide levels. The second Declaration by Dr. Polakis (Polakis II) presented evidentiary 
data in Exhibit B. Exhibit B of the Declaration identified 28 gene transcripts out of 31 gene 
transcripts {i.e., greater than 90%) that showed good correlation between tumor mRNA and 
tumor protein levels. As Dr. Polakis' Declaration (Polakis II) says "[a]s such, in the cases where 
we have been able to quantitatively measure both (i) mRNA and (ii) protein levels in both (i) 
tumor tissue and (ii) normal tissue, we have observed that in the vast majority of cases, there is a 
very strong correlation between increases in mRNA expression and increases in the level of 
protein encoded by that mRNA." Accordingly, Dr. Polakis has provided the facts to enable the 
Examiner to draw independent conclusions regarding protein data. Appellants further emphasize 
that the opinions expressed in the Polakis Declaration, including in the above quoted statement, 
are all based on factual findings. For instance, antibodies binding to about 30 of these tumor 
antigens were prepared and mRNA and protein levels were compared. In approximately 80% of 
the cases , the researchers found that increases in the level of a particular mRNA correlated with 
changes in the level of protein expressed from that mRNA when human tu mor cells are 
compared with their corresponding normal cells . Therefore, Dr. Polakis' research, which is 
referenced in his Declaration, shows that, in general, there is a corre lation between increased 
mRNA and polvpeptide levels . Hence, one of skill in the art would reasonably expect that, based 
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on the gene amplification data of the PROl 112 gene, the PROl 1 12 polypeptide is concomitantly 
overexpressed in lung or colon tumors studied as well. 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip® arrays in 2004. Clearly, the research community believe that the 
information obtained from these chips is useful (i.e., that it is more Ukely than not that the results 
are informative of protein levels). 

Thus, based on the asserted utility for PROl 112 in the diagnosis of lung or colon tumors, 
the reduction to practice of the instantly claimed protein sequence of SEQ ID NO: 207 in the 
present application, the disclosure of the step-by-step protocols for making chimeric PRO 
polypeptides, including those wherein the heterologous polypeptide is an epitope tag or an Fc 
region of an immunoglobulin in the specification (at page 374, lines 24 to page 375, line 9), the 
disclosure of a step-by-step protocol for making and expressing PROl 112 in appropriate host 
cells (in Examples 140-143 and page 376, line 12), the step-by-step protocol for the preparation, 
isolation and detection of monoclonal, polyclonal and other types of antibodies against the 
PROl 1 12 protein in the specification (at pages 390-395) and the disclosure of the gene 
amplification assay in Example 170, the skilled artisan would know exactly how to make and use 
the claimed polypeptide for the diagnosis of lung or colon cancers. Appellants submit that based 
on the detailed information presented in the specification and the advanced state of the art in 
oncology, the skilled artisan would have found such testing routine and not 'undue'. 

Therefore, Appellants respectfully request reconsideration and reversal of this 
outstanding rejections under 35 U.S.C. §101 and §112, first paragraph, to Claims 1 19-126 and 
129-131. 

ISSUE 2: Claims 119-123. 130 and 131 Satisfy the Written Description Requirement of 35 
U.S.C. SI 12. First Paragraph 

Claims 119-123, 130 and 31 stand rejected under 35 U.S.C. §112, first paragraph, as 
allegedly containing "subject matter which was not described in the specification in such a way 
as to reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention." 

Appellants respectfully disagree. 
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A. The Legal Test for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §112, first paragraph is "whether the disclosure of the application as 
originally filed reasonably conveys to the artisan that the inventor had possession at that time of 
the later claimed subject matter, rather than the presence or absence of literal support in the 

18 19 

Specification for the claim language." ' The adequacy of written description support is a 

20 ... 

factual issue and is to be determined on a case-by-case basis. The factual determmation m a 
written description analysis depends on the nature of the invention and the amount of knowledge 

21 22 

imparted to those skilled in the art by the disclosure. ' 

23 

In Environmental Designs, Ltd, v. Union Oil Co,, the Federal Circuit held, "Factors that 
may be considered in determining level of ordinary skill in the art include: (1) the educational 
level of the inventor; (2) type of problems encountered in the art; (3) prior art solutions to those 
problems; (4) rapidity with which innovations are made; (5) sophistication of the technology; 

24 

and (6) educational level of active workers in the field," Further, the "hypothetical 'person 
having ordinary skill in the art' to which the claimed subject matter pertains would, of necessity 
have the capability of understanding the scientific and engineering principles applicable to the 

25 26 

pertinent art . ' 

In re Kaslow, 707 F.2d 1366, 1374, 212 U.S.P.Q. 1089, 1096 (Fed. Cir. 1983). 
*^ See also Vas-CatK Inc. v. Mahurkar, 935 F.2d at 1563, 19 U.S.P.Q.2d at 1 1 16 (Fed. Cir. 1991). 

See e.g., Vas-Cath, 935 F.2d at 1563; 19 U.S.P.Q.2d at 1 1 16. 
^' Union Oil v. Atlantic Richfield Co., 208 F.2d 989, 996 (Fed. Cir. 2000). 

See also M.P.E.P, §2163 n(A). 

713 F.2d 693, 696, 218 U.S.P.Q. 865, 868 (Fed, Cir. 1983), cert denied, 464 U.S. 1043 (1984). 
See M.P.E.P. §2141.03. 

Ex parte Hiyamizu, 10 U.S.P.Q.2d 1393, 1394 (Bd. Pat. App. & Inter. 1988) (emphasis added). 
Seefl/.so M.P.E.P, §2141.03. 
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B. The Disclosure Provides Sufficient Written Description for the Claimed 
Invention 

Currently pending Claims 1 19-123 and 130-131 recite the functional recitation that the 
nucleic acid encoding the claimed polypeptides are amplified in lung or colon tumors. 
Applicants respectfully submit that the issue here is whether the claimed sequences are 
adequately described. Appellants respectfully submit that the instant specification evidences the 
actual reduction to practice of the native amino acid sequence of SEQ ID NO: 207. Support for 
"native sequences can be found in the instant specification at least at page 304, line 26. The 
Examiner has acknowledged that the specification discloses the full-length sequence of SEQ ID 
NO: 207 and that polypeptides comprising the sequence set forth in SEQ ID NO: 207 meet the 
written description provision of 35 U.S.C. §112, first paragraph. Appellants also submit that the 
specification provides ample written support for determining percent sequence identity between 
two amino acid sequences (See pages 306-308, line 14 onwards). In fact, the specification 
teaches specific parameters to be associated with the term "percent identity" as applied to the 
present invention. The specification further provides detailed guidance as to changes that may 
be made to a PRO polypeptide without adversely affecting its activity (page 372, line 36 to page 
373, line 17). This guidance includes a listing of exemplary and preferred substitutions for each 
of the twenty naturally occurring amino acids (Table 6, page 372). Accordingly, one of skill in 
the art could identify whether the variant PROl 1 12 sequence falls within the parameters of the 
claimed invention. Once such an amino acid sequence was identified, the specification sets forth 
methods for making the amiiio acid sequences (see page 376, line 9) and methods of preparing 
the PRO polypeptides (see Examples 140-143). 

Appellants further submit that the specification provides ample written support for 
detecting and quantifying amplification of such nucleic acids in several tumors and/or cell lines 
as described in Example 170. Example 170 of the present appUcation provides step-by-step 
guideUnes and protocols for the gene amplification assay. By following this disclosure, one 
skilled in the art would know that it is easy to test whether a gene encoding a variant PROl 1 1 2 
protein is amplified in lung or colon tumors by the methods set forth in Example 170. 

Thus, the genus of polypeptides with at least 80-99% sequence identity to SEQ ID NO: 
207, which possess the functional property of having a nucleic acid which is amplified in lung or 
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colon tumor would meet the requirement of 35 U.S.C. §112, first paragraph, as providing 
adequate written description. Further, one skilled in the art would have known that Appellants 
had knowledge and possessed the claimed polypeptides with 80-99% sequence identity to SEQ 
ID NO: 207 whose encoding nucleic acids were aniplified in lung or colon tumors. 

Accordingly, Appellants respectfully request reconsideration and reversal of the written 
description rejection of Claims 119-123 and 130-131 under 35 U.S.C. §112, first paragraph. 



For the reasons given above, Appellants submit that present specification clearly 
describes details and provides a patentable utility for the claimed invention. Moreover, it is 
respectfully submitted that based upon this disclosed patentable utiUty, the present specification 
clearly teaches "how to use" the presently claimed polypeptide. As such, Appellants respectfully 
request reconsideration and reversal of the outstanding rejection of Claims 1 19-126 and 129-131. 

The Commissioner is authorized to charge any fees which may be required, .including 
extension fees, or credit any overpayment to Deposit Account No. 08-1641 (referencing 
Attomev^s Docket No. 39780-2730 P1C13) . 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



CONCLUSION 



Respectfully submitted. 



Date: July 13,2007 
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VIIL CLAIMS APPENDIX 
Claims on Appeal 



119. An isolated native sequence polypeptide having at least 80% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 207; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:207, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209951; 

wherein, the nucleic acid encoding said polypeptide is amplified in lung or colon tumors. 

120. The isolated native sequence polypeptide of Claim 119 having at least 85% amino 
acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:207; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:207, lacking its 

associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 20995 1 ; 

wherein, the nucleic acid encoding said polypeptide is amplified in lung or colon tumors. 

121. The isolated native sequence polypeptide of Claim 119 having at least 90% amino 
acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:207; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:207, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209951; 

wherein, the nucleic acid encoding said polypeptide is amplified in lung or colon tumors. 
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122. The isolated native sequence polypeptide of Claim 119 having at least 95% amino 
acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:207; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:207, lacking its 

associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 20995 1 ; 

wherein, the nucleic acid encoding said polypeptide is amplified in lung or colon tumors. 

123. The isolated native sequence polypeptide of Claim 1 19 having at least 99% amino 
acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:207; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:207, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209951; 

wherein, the nucleic acid encoding said polypeptide is amplified in lung or colon tumors. 

124. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO:207; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO:207, lacking its 
associated signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209951; 

wherein, the nucleic acid encoding said polypeptide is amplified in lung or colon tumors. 

125. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO:207. 

126. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO:207, lacking its associated signal peptide. 

-33- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/992,643 
Attorney's Docket No. 39780-2730 P1C13 



129. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 20995 1 . 

130. A chimeric polypeptide comprising a polypeptide according to Claim 124 fused to 
a heterologous polypeptide. 

131. The chimeric polypeptide of Claim 130, wherein said heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobuhn. 
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f 

X. RELATED PROCEEDINGS APPENDIX 

None- no decision rendered by a Court or the Board in any related proceedings identified 

above. 



SV 2281277 vl 

7/13/07 10:20 AM (39780,2730)' 



-43- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/992,643 
Attorney's Docket No. 39780-2730 P1C13 



PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Ashkenazi et al. 


Group Art Unit: 1647 




Serial No.: 09/903,925 


Examiner: Fozia Hamid 




File± July 11, 2001 






For: SECRETED AND 

TRANSMEMBRAKfE 
POLYPEPTIDES AND NUCLEIC 
ACIDS 




1*2023 





DECLARATION OF AUDREY D. GODDARD, Ph.D UNDER 37 C>RK S L132 

Assistant Commissioner of Patents 
Washington, D.G. 20231 

Sir: 

1, Audrey D. Goddard, PkD. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2 . Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory al the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

V.3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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Serial No.: * 
Filed: * 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PGR (i.e., 
"gene amplification") assay described in the above captioned patent application, 

5. The TaqMan PGR assay is described, for example, in the following scientific 
publications: Higuchi et al. Biotechnology 10:413-417 (1992) (Exhibit B); Livak et aL, PGR 
Methods AppL, 4:357-362 (1995) (Exhibit G> and Heid et al. Genome Res. 6:986-994 (1996) • 
(Exhibit D). Briefly, the assay is based on the principle that successful PGR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PGR primers. The extent of 
digestion depends directly on the amount of PGR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PGR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PGR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PGR assay is exemplified by the following scientific publications: Pennica et aL, Proc. 
Natl. Acad. Sci. USA 95(25):14717-14722 (1998) (Exhibit E); Pitti et al. Nature 
396(6712):699-703 (1998) (Exhibit F) and Bieche et a/.. Int. J. Gancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PGR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PGR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PGR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tiunor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PGR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PGR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the eflScacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the vaHdity of the application or any 
patent issuing thereon. 
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AUDREY D. GODDARD 



Ph.D. 



Genentech. Inc. 
1 DNA Way 

South San Francisco. CA, 94080 

650.225.6429 

goddarda@gene.com 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Gehentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 

1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 




Audrey D. Goddard, Ph,D page 2 of 9 



1993-1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario. Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R, A. Phillips 



1989 



Honours B.Sc 

"The /r? vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 1989-1992 

Medical Research Council Studentship 1983-1988 

NSERC Undergraduate Summer Research Award 1983 

Society of Chemical Industry Merit Award (Hons. Biochem.) 1983 

Dr. Harry Lyman Hooker Scholarship 1 981 -1 983 

J.LW. Gill Scholarship 1981-1982 

Business and Professional Women's Club Scholarship 1980-1981 

Wyerhauser Foundation Scholarship 1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel, genes. Functional Genomics: From Genome to Function, Litchfield 
Park. AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science. Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami. FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting. Berkeley. CA. USA. May 1998 . 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting. San 
Francisco. CA. USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76*^ Annual Meeting of The 
Endocrine Society, Anaheim. CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 

Goddard A, Godowski PJ, Gumey AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455.496. Date of Patent: Sept. 24, 2002. 

Goddard A. Godowski PJ and Gurney AL NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6.426.218. Date of Patent: July 30, 2002. 

Godowski P. Gurney A. Hillan KJ, Botstein D. Goddard A, Roy M. Fen-ara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6.4137.770. Date of 
Patent: July 2. 2002. 

Ashkenazi A. Fong S. Goddard A, Gumey AL, Napier MA. Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6.410,708. Date of Patent:: 
Jun.25, 2002. 

Botstein DA, Cohen RL. Goddard AD, Gurney AL, Hillan KJ. Lawrence DA, Levine AJ. 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6.387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL Tie llgands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350.450. Date of Patent: Feb. 26, 2002. 

Fong S. Ferrara N. Goddard A, Godowski P J, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS. Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5.646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D. Ddwd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ. Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie. M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K. 
Yansura DG, Vandlen RL. Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX. Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S.. Lewin DA. (2001) BFIT. a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. B/oc/7em/ca/Jdurna/ 360: 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1 . Journal of Biological Chemistry 276(2); 1660-1664. 

Xie M-H, AgganA/al S, Ho W-H, Foster J. Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2:4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S. Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. A/afure 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN. Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P. Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A. Vagts A, Foster J. Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cyifo/c/ne 1 1 : 729-735. 
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Yan M, Lee J. Schilbach S, Goddard A and Dixit V. (1999) mElO, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM. Pitti RM, Mark DT, Baldwin DT. Gray AM. Dowd P, 
Bnjsh J, Heldens S. Schow P. Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA .Lee J, Brush J. Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM. Marsters SA. Lawrence DA, Roy M. Kischkel FC. Dowd P, Huang A. Donahue CJ. 
ShenA/ood SW. Baldwin DT. Godowski PJ, Wood Wl. Gurney AL. Hillan KJ, Cohen RL. 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D. Swanson TA. Welsh JW. Roy MA. Lawrence DA. Lee J. Brush J. Taneyhill LA, 
Deuel B, Lew M. Watanabe C. Cohen RL, Melhem MF. Finley GG. Quirke P. Goddard AD. 
Hillan KJ. Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl, Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB. Mark MR. Gray A. Huang A. Xie MH, Zhang M. Goddard A, Wood Wl. Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM. Zhu Z. Yuan JQ. Goddard A. Adams CW. Presta LG and Carter P. (1998) An 
efficient^route to human bispecific IgG. Nature Biotechnology ^6(7): 677-681. 

Marsters SA. Sheridan JP, Pitti RM. Brush J, Goddard A and Ashkenazi A (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J. Murone M. Luoh SM. Ryan A, Gu Q, Zhang C. Bonifas JM. Lam CW. Hynes M. 
Goddard A, Rosenthal A. Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA. Sheridan JP. Pitti RM. Huang A. Skubatch M, Baldwin D, Yuan J, Gurney A. 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006, 

Hynes M. Stone DM. Dowd M. Pitts-Meek S. Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-1. Neuron 
19: 15-26. 

Sheridan JP, Marsters SA. Pitti RM. Gurney A.. Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K. Wood Wl. Goddard AD. Godowski P. and Ashkenazi A. (1997) Control of 
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We baye enhanced the polymerase i^hain 
reaction (PGR) such that specific DNA 
sequences can be dete<:te<l without open* 
ii^ the reaction tnbe. Tfcis enhan<:exnent 
fequires the addition of ethicyLnm bromide 
(EtBr) to a PGR. Since the fluorescence of 
EtBr increases in dxe presence of double- 
stranded (ds) DNA m inCtease in flnot^s- 
cence in such a PCR indicates a positive 
amplification, which can be e^ily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The aj>ility to simutta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may fsicilitaie its automation and more 
widespread use in the clinic or in other 
situat^ns reqniriitlg hig^ sample ^tfurough- 
put 

Although ttic potential bjcncfiw of PCR* to.cUp- . 
kal <&gno4tK3 tucx: vksH ktt6w^^'*, it b still not 
widely used m this setting, even tltou^ k is 
font* >*earft eivkoo thcrn>Qf*al»l^ DNA p^yrw^^t* 
3ttc»* iPfldc PCR practi<»L Some of the rieasons fot its slow, 
aocepi&ncc arc lugh cost, UdL id automation of pre-f and 
post'PCR proocMing steps* and false porftiye resulu. from 
carryover-contamination. The firssi two point* arc related 
in thiit labor is the largest cotttributor to cost flit the present 
stage of FOR dcvelopmeaL Most (hirt-trtt assays require 
some forua of downstream" processing once tfeermocy*< 
ding k done in order io detenrune whether the target 
DNA sequence was present aad has ampMcd, TheAe 
indude DNA hybridization*^, gel etectropboresis vnth or 
without use of restriction digestion'^.**; HPLCr, or capillary 
clectrophorcsU*** These methods ate labor-intense, have, 
low chtoughputi and aie diiBScuh to automate. The third 
point is &o closely rebted to downstream processing. 
The handling of the FCk product iti these downstream 
processes increases the chances that OTtipUfied DNA .witt 
spread throu^ the typing hb, tesulong in - a risk of 



'^carryover" false positives in subsequent tesdng", 

lliesc downstream processing steps would be eUnti- 
nated if spectfie aniplincataon and detecUon of amplified 
PNA took place stmultancotisly within an unopt:tied re- 
action vessel A^ys m which snch dilFercnt processes take 
place without. the need «o separate rcaoioo components 
have bcett termed •liomogeneous''. >5o truly hbmogc-. 
tieous PCR assay has been d^onstrated to date, although 
progress toward* this end has been reported* Ch<*ab, et 
al.*^ dev^^oped a FOR product detection scheme using 
fluorescent piimers that resulted in a 6uorcscettt PCR 
product AUdc-spedfic primers, each with di£ESercnt fit^o- 
reseent tags, were used to indicate the genotype of *lj« 
DNA. However, the oraincorporaied primers tnust sttU be 
removed in a downsueam process in order to vBuahzc *be 
n?sult Rcccndy, Hollahd, et al,"', developed 
whkh the endogenous 5' ex60Udease assay of Jaj DNA 
potytnerasc was €3^lMtCd tO deave a febeted oligonucleo- 
tide probe. The probe vrould <Mily dcave if PCR ampliti* 
cation had produced its coixipletneatary seqticnce. In 
Older to detect the dcavagc products, however, a subsc- 
qittcnt process w again needed, 

We have developed a tttOy homogcncom assay for PGR 
and PGR prodaei detecdoc based upjon the gready in- 
creased fluorescence that ettudiuro broinSde and other 
PNA binding dyes exhibit when they are bound to^s- 
DNA^'^*^. As outUncd in Figure 1. a pit>totypic PCR 
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IKWRE I Mndpk: of siimdtancoua anrpQfication aod dcteaion of 
PCR product The codipboenu of a PCR «oatMntntf Ef»r that an* 
fluoresoentarelisied—EtBr hselt EtBr bound tocrthcr ssDNA or 
dsDN A. Tbec« is a Jarge fiuorcsccfioc cnhwoctncut when EtBr is 
bound to 3MA and bawiink u grc&dy cnhanccct when DNA .is 
dc^blc-HTandcd, A*^ su^cicnt <n)..cydcs of PGR. the net 
iacrcM m ilj^NA restdts in addki<Mial EtBr biiMSxig* and a net 
iacrcsue in total -fliKKrcsccncc: 
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product 

fMWi 2 Gel doctrophore:»5 of PCfl. a^mt^catdon producta of (he 
huaiac, ttudcftr g£SK^, HLA DQfii^ made in the prmncc of 
incrc^rig amounts of EtBr (up to 8 M-g^toI). T|tc presence of 
£t3r IvA tkO obviom cfifect on tkc yield or apcdMxkf of amt»lt6- 
dcioa. 




B. 




IKHntC $ (A) llttocesceACe DDicastrcment^ Inooi PCRs tbdt cDOtaiq 
0.5 i&g^m! EiBr and 'th3( aire spcdfic for V<2kfotn<Monie repeat 
»eq0etioc^ Five irpUcate PGRs. were begun contAiningcxch of the 
DNAs spedfied. Xt 'icadi nxdsdicd cyde, one of the five replicate 
PCfls f»r e^ DNA -wds pcroovcd from thermocyding and tt» 
fluorescence measured. Uhtu of fiuorcACCfW are aTtHraij. (B) 
UV pb<H<>gTa|ihy of PCRtab<« (0,5 rtl Eppcndtorf-^iylc, poif|>n>- 
p)rkne mtcro-cemrifugcitubca) conuming^ reactrtos, those st^tu 
ing from t ng mate DN A Mid control rcBCt>ofi« wkhotit any DKA^ 
from (A). 



bc^iis with primen that are Mngle-strandcd DNA («- 
DNA)» dNTPs, aiMl DNA polymerase; An amount of 
d5;DNA contaitting the target sequence (target DHA) h 
also typically prcaeni. This ajnowat can vary, depencting 
on the applka^on, from stngie-ceU amounts of DNA^^ «o 
micrograms f*cr KIR^*, If EtBr is present^ the reageim 
that wll fluoresce, in order of mcrcakU^ flucflrcsccnoe, are 
free EiBr tedfc and EtBr bound to the fiinglMtJraiidcd 
DNA pHmett and to the doubl<>$trandcd target DNA (by 
its tntercahdon between the stacked bases of the DNA 
do^blc-hdSx). After the first denatutation cydc, i^x^ 
DNA wffl be largely $ingle-9tranded. After a PGR h 
completed, die most signim^t change k the ixicrcase in 
tbc amoum of dsDNA (tbe PGR produa itself) of up to 
several tnierpgrams. Formerly free EtBr <s botind to the 
additional dsDNA* resulting in an increase in ftuyrcs- 
ccnoc There is also sonae deetcasc in the anwwnt of 
ssDNA primer, but because tbc binding of EtBr to s&DNA 
h tnuch less than to dsDMA» the effect of tbis change on 
the total fluoteKcno: of the sample is snialL The flyorcs- 
cence increase can be measured by directing exotanon 
illumiftatjim throciigh the walls of the amplification vessel 
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bclorc and after, or even continuously during, thermocy- 
ding. 

RESULTS 

PGR In fee presence of HAt. li> order to assejjs tht 
aEect of EtBr to FOR. aoipli&cations of the human Hl^ 
DQjx g^ne*' vrere performed with the dye present at 
concentrations from 0,06 to 8.0 pi/ml (a iy^tcai ooncen. 
tratlon of EtBr tused in staining of nudeic aods fotioMrixi^ 
get electrophoresis is 0.5 fx-g/niE). As shown in Figure 2/g3 
eteetro^Korcsts revealed little or no diiScinence in the ^ield 
or quality of die amphiication product whether EtBr vras 
alw«ftt or present at any of these concentrattotis, indicat- 
ing that EtBr does not mhiblt PGR, 

Deteetiaii of human Y-dttoafcomoa specilic 
«|OGnc«3^ SequetKe^pecific, fluorcsccnoecnhanoement of 
EcBr as a resuH of PGR was demonstrdi^d in a scries of 
amplificadons containing 0.5 ttg/m) EtBr and ptimers 
fipedfjc to repeat DNA sequettccs found on the huAtaa 
V-chromosonic***- These PCRs initiaHy contained cither 
60 ng male, 60 ng fmialc, 2 ng joak human or no DNA. 
Five replicate PCRs were begun for each DNA* After Q, 
17, 21, 24 and 29cyde8of therniocydtng,a PCR forcacft 
IH^ A was removed from the thermocyder» and it$ fluo- 
rescence measured in a spectrofltiorotnecer and ploued 
vs, ampliBcadon cycle number (Fig. 3 A), llic shape of this 
cnrve rcBects the &icl that by the time an increase in 
fluorescence can be detected^ the izicreasc in DNA U 
becoming linear and not exponential with cyde number; 
As shown, the Huorcsccnoc increased aboujC three-fold 
over the bacikground fluotesceuce for the PCRa contain- 
itig human male DNA. but did not significantly increase 
for ncgadve control PGRs» wl^ich contadned cxtHer no 
DNA or human femak DNA. The more male DNA 
present to begin with— 60 ng vemtt 2 ng-nJie fewer 
cydes were needed Vo give a dctectaWe increase in fluo- 
rescence. Od ele<ttt>nhorest« w the Jwoducts of these 
amplifications showea that DNA fragments of the ex- 
pected she were made in the mak DNA containing 
reactions and that liiUe DN A synthesis took jdace in the 
control samples. 

In addition, the iDCrease in fiuomccncc vraa visualized 
by ^ply laying the arnipkted, unopened PCRs a W 
transilhiminator and photographing them through a red 
filter. This is shown ftt figure 3B lOr th££ reactions thai 
began with 2 ng male DNA and those with no DNA. 

Detection of spcdfic alWcfi of tfie htiman f;-globtn 
gene. In order to demonstrate that this ^pprdadi h« 
adequate spedfidcy to aDow genetk screening! a detection 
of the ^ickie-odl anemia mutation was performed^ Figure 
4 shows the ftuoresccncc firom completed aixkpiifiieatloft* 
ooxitaijdag EtBr (0^ v^QftxiT^ a$ detbct6d by photography 
of the teacdon tubes on a UV trapsOlommator. These 
reactions were performed using primcxK specific for ei' 
thcr the. wSd-troc or sidde-oeil mutadoa of the human 
^obin gttie*'. The specifldty for each allele is imparted 
by placing the sldde-mutation site at the terminal 3 
nudeodde of one primer. By using an appropijaie primer 
annealing temperathre^ pHmer otcensloin— and thus am- 
plificationr-can cake place only if the S' nudeotide of the 
ptimtr is coinplemcntary to the p-gMiin aBdc prc«cnt^*^. 

Each paJt Of ampEHfications shown in Figure 4 consists 01 
a reaedon wiA either tbe wiM-type alldfe spedfic (left 
tiibc) or Ttcklc-aUde spedfic (right tube) primers. Three 
different DNAs. were typed: DNA Mm a hotnozygous. 
wtM-typc ^^cbin individual (AA); from a heterozygous 
sickle p-gipbin individual (AS); and from a homozygous 
sidde p-gtoWo indnidual (SS). Eadi DNA (50 ng geoomic 
DNA to start cadi PGR) was analyzed in trijrficatc (3 paiR 
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^ reactions each). The DMA type vas reflected in the 
^^jadvc: fluor<^cence intcn&ides In each {>air oFcomf^eled 
g{iipli£catk>ii&. There was a significant increase in fluores* 
only where a ^-globin oQele DNA matched the 
primer «€t. \Vhc» measured- oa a spcctrofltioroniGtcr 
^^tn not shown), this BuorcsccxKc v/as about three tioics 
jiiLt present in. a PGR where both p-dobin altelcs were 
j^in^tchcd to the Ptimer sec Cd clcctropborc^i^ (not 
fiioviti) established tnat xbH increase in tlttorescence va$ 
()ue to the $ynche<ds of nearly a mkrogram of a DNA 
{fftgmcnt of the expected size for ^'globin. There was 
Fitdc syntHesiit of dsDNA in reactions in. which the afiek- 
;tpecific primer was tnismalched to both alleles. 

C<mtifniow9 mmi^maatg of a PCR* Usiag » fiber optic 
devteerii po$&ible to direct exdtation iliaminatioti from 
p spectrofluorometer to a PGR und€ig<»n;g thermocyding 
and to rctifrn its fluorescence to the KpcctTOftuofOtweter. 
'The iltiorcsccncc readout of such an arrangremenlr di^ 
^cd At an Etfir^ntaining amplificadoa of Y^diromo- 
pocac spcciGc sequences from t5 jig of liuman male DNA> 
ifl shown in Figure 6. The readout from a control 1*CR 
wrUk no target DNA b also shown. Thirty cydes of PCR 
yg^rc tnonitorcd for each- 

The fluorescence trace ajc a fimeuon of time dearly 
shows the eifect of the thennocyding. Fluorescence inten- 
jdty risei atxl.Eaib inversely wt^ texnperature. The Auo- 
rciccncc intexidiy is minimum at the denaturatlon tern- 
peniture (^X) and maadcniufn anneatin^extension 
tcmperatuie (50X>. In the negative-control PCR^ these 
fluorescence maxima and minima do not change ^gat&- 
CJinUy over the thirty thcrmocyde^ indicating that there is 
fHtle dsDKA synthesis without the appropriate tax|rct 
DNA, and there b . little if any We^hing of EtBr durmg 
(he continuous illunitnation df the sam^. 

In the PGR eontaintng male DNA, the fltforcscence 
maxima at the annealing^exCensioD tcmpciattirc begin to 
incrcane at about 4000 second^^ of thenmocyding, and 
oontintic to increase wHh time, itidicating that dsDNA is 
being produced at a dctcsctable leVeL Note that die fluo- 
rescence minima at the denatvratbo tempetamre do not 
aignificsuidy increase, prefUmaWy becatise al this temper- 
ature there is no <kDNA for EtBr to bind. Thus the course 
of the ampUiication is followed fay tracking the Auorcs^. 
ccnoe increase at the atuieaHng temperature. Analysis of 
ihc products of these two amphficadons by gel clcetropho- 
fcpis showed a DNA fragment 6f the eicpcctcd sire for the 
male DNA containing sample and no detectal^e DNA 
synthesis for the control sampfci* 

DISCUSSION 

Downstream processes sttdi as hybirdizaxion to a se- 
t)uen£e-«pedfic probe can enhance tlte spedfidty of DNA 
dccet^ivii by PGR. The cHmiiMtion ih^c processed- 
means that' the spcdfidiy of this homogeneous assay 
depends solely on dial of tCSL In the case of sidLle-oeli 
diiieasc, we b:>vc fihown that PGR alone h»n $aBkient DNA 
sequence apccificity to permit gencdc screening. Llsing 
Appropriate amplihcatton cbtiditions, there is little noft* 
9t>cdfic producoon of dsDNA in the aboenoc of the 
appropriate target aikle. 

The spedfidty required to detect patliogens can be 
more or less than dxat rccjuited* to do geitedc screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA ch^ must be taken with die 
sample. A diekuk target is HIV, which rcqubcs detectton 
of a vinil genome that cm be at the level of a few co|^ 
per tho\L<ands of host ceils*. Contt>ated wMi genetic 
Screening, which is performed or cdls jcontairiing at leaK 
one copy of tlie target sequence* HIV idetecdon requires 
both more spedfidty at>d the input of more H>*al 
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HMWt4 UV photography of PGR tubes Gontaiiung amptBiicmioiu 
using EtBr thJit art specific to wild-type (A) m licWc (5) altdcji of 
tlic himun ^-globin gene. The Idd of e^iCh jp^ of tubes contains 
aQel«-tpodfic primers to the wild-type aDdes« the rigHt tube 
primers to the jacWe altek- The photegrstph was tal^tai aficr SO 
cyr^ of PCRi Awi the input DNAs azird the alkies oontato 
^TCL bulicated. tag of DNA was used to bCsn FOR. Typmg 
was done in tripliaacc (3 pairs of FGHt) for cadi inptit DNA: 
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notm 5 Cc^tmous^ real-time mof^toring of a PGR. Afifocr optk 
was Q»cd to carry, excitation T\pA ta a in progress and al«Q 
emitt^ tight bad: to « fl^orotnctcr (see Ex^nmenta! Pr^oool). 
Amptificatioait^Og human malo-PNA spcaBc primcn in a PCEt 
stoning wtth to rtg of human male DNA (iofh or M *.coatrcd 
PGR wthout PNA (btHtom), were monkoird. Thirty cyda of 
IGR were folWed for each. The' tcmpciatun: cycled bctv^een 
94*C (denAturadon) And 50l*t:: (auiicalidg and cxtcnsjon). Note in 
the male DNA K^.die cyde (dmcl depetiEitfcct moesuc in 
ftuorcsocncc ax the anneatEft^extensimi icmpetskture. 
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DN A — lip to niicrc^rara amount»™-itt order to have suf- ' 
ficicnt numbere of taj^gci sequcnoss. This larg« amount of 
xtaxting DMA iti an ampU^catkm simitranUy increases 
the bacKgrourtd fluore$cence <^vier wwA any additional 
fluonjsoence produced by PGR must be d<MCctcd, An 
additional comp)icatk>n that occurs with targets 'm tow 
copy-number is the formadon of the '^prinacr-dimer" 
amfact This is the result of the cxtensioqi of one primer 
UMfig the other primer ^ a template, Aithovgh this occurs 
infrcqvcntlyj once it occurs the extension product is a 
substrate for PGR amplification, and can comp<^e with 
true PGR targ^ if those targets are rare The primisr- 
dimtrr produa « of course d$DN A and thus a potential 
source oi' hhe signal In tMs komofttneouit aasAf, 

To increase PGR spedfidty aiid reduce the effect of 
primer-dimcr anlpUfkatioa, we arc investigatixig a num- 
ber of approaches, including the use of ncstcdrprimer 
antpiiftcauons that take place in a singic tube*, and the 
**hot-start**, in which nonspecific anxplmcarion is reduced 
by raising the temperatiire of the reaction before DNA 
synthesis begins**. Prdiminary resuks using these ap- 
proaches suggest thai-prixner-diin^ is effectively reduced 
and it is possible to delect the incn^se in EtBr fluores- 
cence in a PGR instigaced by a single HIV genome in a 
background of 10* ctdU, With Urgct nutmbcia^ of ccHs, the 
background fiworescencc contributed by genomic DNA 
bcconics problematic. To. reduce ilus background, it may 
be possible to use sequence-spedfic DNA^binding dyes 
that can be made to^cferenOaJly bind PGR product over 
genomic DNA by mcorporaiing the dye-binding DNA 
sequence into the PCH product dirmigh a 5' *add-on" to 
the oUgonuckotide primer*''. 

We have shown that the detection of fluorescMKe 
generated by an EtBr-contaming^ PGR is straightforward, 
both once PGR in completed and continuously during 
Uicmiocycfing. The ease with M^ich automation of spe- 
cific DNA detection can be accomplished is the most 
ptomidng aspect of this assay. The Huorescence analysis 
of completed PGRs is alrcadyposSiUc with cxbtitiig instru- 
mentation in forniar^. In tliis format* the fluores* 
ccncc in each PGR can be quantitated before, after, and 
even at selected points durmg thcrnKKyciirig by moving 
die rack of PGRs to a 96-mierowcJI ^date fluorescence 
rcadei^^ . . 

The instrumentation necessary to cootmuously monit^ 
multiple PGRs simultaneously is also simple in . principle. 
A direct octcnston of the apparatus used here is to have 
multiple fiberopdcs transmit the excitation li^t and flu- 
or^cent emissions to and from muUipte FCRs. Tlie ability 
to monitor multiple PGRs continuously may idlow quan- 
utadon of target UNA copy numbcc. Figure 5 shows that 
the larger the ariiount of starting car^ DNA, the sooner 
diiHng l>t:R a fliior«sccncc incrca.se dctcctwj. Prdtnii- 
nary eacpcrimcnts <Higiidii and DolHngcr, manuscript m 
preparation) with continuous momtoring have shown a 
sensitivity to two-fold differences in inttial target DNA 
concentradon. 

Gonvcrsdy, if the number of target molecules is 
known— it can be in genetic screcning--rcontinuotis 
monitoring may provide a means pf detecting false posi- 
tive and false negative results. Wdi a known number of 
target molecules, a true posidve would eithibit detectable 
fluoresoetice by » predictable number of cydcs of PGR* 
Increases in fluorcsci^ice detected before or after that 
cyde would indicate potential anifacts. False negative 
results due to, for example.. inhxbidon of DNA polymer- 
ase, may be detected by iadudrng within each PGR an 
inefficiendy ampRfyii>g marker. This marker results in a 
AuorescszH^e increase only after a la^ number of cy- 
des— 4»any more' than are necessary to tkcea a true 



positive- If a sample fails to hare a fluorescence increase 
alter this many cycles, iohiUttoii may be suspected. Since, 
in ^is assay, conclusions are drawn based on the presence 
or absence of fluorescence si^al alone, sudi controls rnay 
be important In any event, before any test based on this 
principle is ready for the dinic^ an assessment of txh false 
posidve/false negative rates wfll need to be obtained using 
a large number of known samjrfcs- 

In svmmar>-, the indusion m PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detca sped6c DNA amplificatton from ouuidt 
the PGR tube. In the future, instruments based upon this 
prindple may fadHtate the more widespread use of PGR 
in applications that demand the h%h throughput ef 
sampleiS' 

EXPEREMCNTAL PROTOOOL . . ^ 

PCfo were set up itilOO (4 volumes containing 10 mM Tris-HQ, 
pH 8,3; 50 mM KCl; 4 mtf 

polymerase (P^rkiiwEhrtcr Ccim, Norwalk, CT); 20 pmok: each 
of human HLA-DQa gene spcdfic oligonucleod^e primers 
and and approaaroatd; l<r copies of DOoi PCft 

ptoduct dihrtcd fmm a preylotw reaction. Ethidium bromulc 
(Et&r; SigttvO was twcd M the a?necaUationfi, Indicated id Figure 
2. Thcraocydmg proceeded for 20 cvdes tft a modd 480 
ihcraocydcr (Perkm-EJmcr Cen», Norwalk, CT) uanga Jitcp- 
cydc" prcgram of 94*C for 2 iz]]iL..dciiatuT«ttKMi atW WTT. WSO 
sec ann<^&^ and ItXl for SO kg. exiensloo. 

Y-chwoummc wpcdt&c PCIL PCRs (100 yl total n;a<wj 
volume) containing 0«*i wS^nrf EtBr wcfc prqwwl as dewbcd 
for HLA-DQ*, except wim different primcKt and target UNAs. 
These PCR? cont^ncd 1 5 pmok cadx maae DN A-*pcdfjC pnwe»« 
YI.l and arid chhcr 60 ng nralc, OO oefcmalc, 2 

»rcyctesfor 

^ ^ c meauuic^ 

iienTis^iiscribed bdow " 

Alldc^pcdficy faaman ^gloUn peat PGR. AmpUficauons of 
100 fa ySome' losing 0-5 ftg/ml of £i»r were prej>arcd i^ 
described for HLA^DQa above txaept >«th diffartattpfimcr* aiKl 
target DNAfi. These PCfts contained ^^•P^J!^„?^J',^}'S^ 
Hei4A (wiUHype globin speci6<i prinict:fi) or HOTOllpliS gj*- 
^c-riobin ipcaiic primers) at 10 pmole «iach prjmcr Pjr fCR, 
r&it Dtimcn; developed by Wu ct aL«. Thjee dtffcrenl 
UCget "NAit Were twc^l tn separate amplificaUOna-^0 Wg caea ot 
human DN A that was homoz^^s for the ifeVk trait <SSK DNA 
that was hctcn»ry™i5 for the stekte trak (AS), or DNA dial 
homKWrgous for Ac w.t- globin (AA). Therroocycfing was Rir 30 
cydcs at94'X: fdr I nun. and SSKT for 1 min. itfiflga 
program. An antjealw^g tempccature <rf55X b»ahcen shmra t7 
Wu et aL*' to pwride alldc^spcdfk atpplitotwn. <fniplci«l 
PCRs were photographed dmmgh a red vI'^^^^tT!;? 
ate pladhg'W^!^e£m t«bc» aSp a model TM^6 tranafflumi- 

nato^ <UV-pioducts Saii Gabrfd^ CA). 

Fhiofese^ meamroittm. n^iotescetwc inaMwemexits wrt* 
inad^ on PCRs cont^rdit^: EtBr In a iluorpJog-2 fl«K>roj:n<t^ 
(SPEK. Edison, NJ). ^bcdtJrtion was at die 600 wn 
SLuTx nm bakd^di with a ,0G 455 nm «"-off fiiff«-JM|J»2 
Crist, Inc. Indne. CA) to c*?^?* 

yrftt was detected at 570 nm widi a baiidvfidd) of about 7 wm. An 
<X3 530 pm cut-off liter Was used to remove ihcacaiation hgflt 

Contioaocu ftnor«5)cex}oe mooitdtlng of PCR, 
monitoring oiF a PCR m progress was acoomjrfwbed u«ng 
^xtx^^^Tou^VCt and setdng- desarfcoa above as we^ as a 
Acioptic accessory (SPEX cat no. 1950) loboth ^ cxcitauoa 
ftghi t^nd tecei4 emitted lighe from, a PGR ptod ht a vcUf 
a tnodd 480 ihermocydcr <IN:i*h».Eltncr CclMs). The pfobc e^ 
of the fiberoptic cable was attached with "5 (ntt)ut<i-cpo^- to 
open top of a PCJt tube (a 0^ ml poUT)ropyto« oaUnfugc tube 
^ hs cdp removed) fcfieawely »caiiiig L Tfe otposed'^^ 
Che PCR tube and the end of the fiberopwc caWc were 
ftom room li^t and the roofo light* were krat ^f^^^^ 
each ruji- ^ moniiorcd PCft was an amplxficldtto <rf V<*«^ 
roosonu-*pcdfic repeat scqveuces as ^^c^^^'^S^f- 
u^hjr an anneaHngtextension tenroerauirc ofSO^ The tpOW" 
was deyyttKd with -OTii^eiral <wT <2 drops) to porvcnt evaporanon. 
TlKmocvdBnT^and fluorrsccttcc rocasuccmcot were «tarl<«J 
multanc<Ktdy , A tiiw-basc scatt with a lO soamd mtegraiioii twnc 
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^fiM uusd and che «mbsiott Stgna] was ratiocd to' the excitation 
sigrtAl to control fbc Chan^ in it^Mwircc iaccn5ity. OnV^.yffcre. 
JJbcdcd using the draSOOOf, version (SFEX) data systcm- 
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IWMUNO BIOLOGICAL LABORATORIES 



sCD-14 EUSA 

Trauma, Shock and Sepsis 




The CO-14 molecule is' expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-I 4 is_a. receptor for lipopolysaccharide 
(LPS) complexed to LPS-Binding-Protein (LBP). The 
ooncenirailoo of te sdubte form is aflered under 
certain patlTologtoal conditions. There, is evidence for 
an Jmportant roie of sCO-HAvith polytraurm. sepsis, 
burnings and inflammations. 
During septic oonditioris and acute infections It seems 
to l3e a prpgnostic mart^erand Is therefore of valiie in 
monHortng these patients. 



IBL dfers an EUSA for quantitative deterrrination of 

soluble CD-14 in human serum, -piasnna. cell-cufture 

supernatants and other biological fluids. 

Assay features: 12x8 determinations 
(microSter strips), 
precoated with a specific 
monoctonal antitxjdy, 
2x1 hour incubation, 
standard range: 3-96 ng/ml 
dGtecti<»'i limit 1 ng/ml 
CV: mtra- and interassay < 8% 



fH^r more infcKmation caH orfax. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid 




Kenneth J. Livak, Susan j.A. Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 

Perkin-Elmer, Applied Biosystems Division, Foster City, Galifornia 94404 



The 5' nuclease PCR assay detects the 
accumulation of speclflc PCR product 
by hybridization and cleavage of a 
doubie-lalieled fiuorogenic probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a reporter fluorescent dye and a 
quencher dye attached. An increase 

•1 reporter fluorescence intensity In- 
icates that the probe has hybridized 
to the target PCR product and has 
been cleaved by the S'^Z* nucie- 
olyttc activity of Taq DNA polymerase, 
in this study, probes with the 
quencher dye attached to an Internal 
nucleotide were compared with 
probes with the quencher dye at- 
tached to the 3'*end nucleotide. In ail 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence, in general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal is 
caused by increased ilkeilhood of 
cleavage by Taq ONA polymerase 
when the probe is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase in reporter fluorescence 
intensity when hybridized to a com- 
plementary strand. Thus, oligonude- 

fdes with reporter and quencher 
» attached at opposite ends can 
used as homogeneous hybridiza- 
tion probes. 



^\ homogeneous assay for detecting 
the accumulation of specific PCR prod- 
uct that uses a double-labeled fiuoro- 
genic probe was described by Lee et al/*^ 
The assay exploits the 5'-* 3' nucle- 
oiytic activity of Taq DNA poly- 
merase^^'^^ and is diagramed in Figure 1. 
The fiuorogenic probe consists of an oli- 
gonucleotide with a reporter fluorescent 
dye, such as a fluorescein, attached to 
the 5' end; and a quencher dye, such as a 
rhodamine, attached internally. When 
the fiuoresceln is excited by irradiation, 
its fluorescent emission will be 
quenched if the rhodamine is close 
enough to be excited through the pro- 
cess of fluorescence energy transfer 
(FET)/*'^> During PCR, if the probe is hy- 
bridized to a template strand, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent 5' 3' nucleoiytic 
activity. If the cleavage occurs between 
the fluorescein and rhodamine dyes, it 
causes an increase in fluorescein fluores- 
cence Intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence intensity indi- 
cates that the probe-specific PCR product 
has been generated. Thus, FET between a 
reporter dye and a quencher dye is criti- 
cal to the performance of the probe in 
the 5' nuclease PCR assay. 

Quenching is completely dependent 
on the physical proximity of the two 
dyes/*^ Because of this, it has been as- 
sumed that the quencher dye must be 
attached near the 5' end. Surprisingly, 
we have found that attaching a rho- 
damine dye at the 3' end of a probe 
still provides adequate quenching for 
the probe to perform in the 5' nuclease 



PCR assay. Furthermore, cleavage of this 
type of probe is not required to achieve 
some reduction in quenching. Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when double-stranded as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (LAN) 
phosphoramidite was obtained from 
Glen Research. The standard DNA phos- 
phoramidltes, 6-carboxyfluorescein (6- 
FAM) phosphoramidite, 6-carboxytet- 
ramethylrhodamine succinimidyl ester 
(TAMRA NHS ester), and Phosphalink 
for attaching a S'-blocking phosphate, 
were obtained from Perkin-EImer, Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABl model 394 DNA synthesizer (Applied 
Biosystems). Primer and complement 
oligonucleotides were purified using 
Oligo Purification Cartridges (Applied 
Biosystems). Double-labeled probes were 
synthesized with 6-FAM-labeIed phos- 
phoramidite at the 5' end, LAN replacing 
one of the T's in the sequence, and Phos- 
phahnk at the 3' end. Following de- 
protectlon and ethanol precipitation, 
TAMRA NHS ester was coupled to the 
lAN-containlng oligonucleotide in 250 
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FIGURE 1 Diagram of S' nuclease assay. Stepwise representation of the 5' - 3' ^^^^^^y^l^^' 
nvi^of 7'^"^ probe during one extension phase of PGR. 



fUM Na-bicaxbonate buffer (pH 9,0) at 
room temperature. Unreacted dye was 
removed by passage over a PD-10 Sepha- 
dex column. Finally, the double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(HPLC) using an Aquapore Cg 220x4,6- 
mm column with particle size. The 
column was developed with a 24-min 
linear gradient of 8-20% acetonitrile in 
0.1 M TEAA (trlethylamine acetate). 
Probes are named by designating the se- 
quence from Table 1 and the position of 
the lAN-TAMRA moiety. For example, 
probe Al-7 has sequence Al with LAN- 
TAMRA at nucleotide position 7 from the 
5' end. 



PCR Systems 

All PCR amplifications were performed 
in the Perkln-Elmer GeneAmp PCR Sys- 
tem 9600 using SO-H-l reactions that con- 
tained 10 mM Tris-HCl (pH 8.3), 50 rav 
KCl, 200 jiM dATP, 200 |1M dCTP, 200 m-M 
dCTP, 400 itM dUTP, 0,5 unit of AmpEr- 
ase uracU N-glycosylase (Perkin-Elmer), 
and 1.25 unit of AmpUTaq DNA poly- 
merase (Perkin-Elmer). A 295-bp seg- 
ment from exon 3 of the human p-actin 



gene (nucleotides 2141-2435 in the se- 
quence of Nakajlma-U|ima et aL)^^* was 
amplified using primers AFP and ARP 
(Table 1), which are modified slightly 
from those of du Breuil et al.<**^ Actin am- 
plification reactions contained 4 mM 
MgCla, 20 ng of human genomic DNA, 
50 nM Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal regimen was 50*C 
(2 min), 95X (10 min), 40 cycles of 9SX 
(20 sec), 60°C (1 min), and hold at 72°C. 
A 515-bp segment was amplified from a 
plasmid that consists of a segment of X 
DNA (nucleotides 32,220-32,747) in- 
serted In the Smal site of vector pUC119. 
These reactions contained 3.5 mM 
MgCl2, 1 ng of plasmid DNA, 50 nM P2 or 
P5 probe; 200 nM primer F119, and 200 
HM primer R119. The thermal regimen 
was SO^'C (2 min), 95'*C (10 min), 25 cy- 
cles of 95**C (20 sec), 57X (I min), and 
hold at 72"C. 



Fluorescence Detection 

For each amplification reaction, a 40-ja-I 
aliquot of a sample was transferred to an 
individual well of a white, 96-well mlcro- 
titer plate (Perkin-Elmer). Fluorescence 
was measured on the Perkin-Elmer Taq- 
Man LS-50B System, which consists of a 
luminescence spectrometer with plate 
reader assembly, a 485-nm excitation fil- 
ter, and a 515-nm emission filter. Excita- 
tion was at 488 nm using a S-nm slit 
width. Emission was measured at 518 
nm for 6-FAM (the reporter or R value) 
and 582 nm for TAMRA (the quencher or 
d value) using a 10-nm silt width. To 
determine the increase in reporter emis- 
sion that is caused by cleavage of the 
probe during PCR. three normalizations 
are applied to the raw emission data. 
First, emission Intensity of a buffer blank 
is subtrarted for each wavelength. Sec- 
ond, emission Intensity of the reporter is 



Name 


Type 


ril9 


primer 


R119 


primer 


P2 


probe 


P2C 


complement 


1'5 


probe 


P5C 


complement 


AFl' 


primer 


ARP 


primer 


Al 


probe 


AlC 


complement 


A3 


probe 


A3C 


complement 



Sequence 



ACCCACAGGAACTGATCACCACrC 
ATGTCGCGTTCCGGCrGACGTTCTGC 
TCGCATTACl GATCGTl'GCCAACCAGTp 
GTACTGGTTGGCAACGATCAGTAATGCGATG 

CGGA'ITrGCTGGTATCTATGACAAGGATp 
TrCATCCTTGTCATAGATACCAGCAAATCCG 

TCACCCACACTGTGCCCATCTACGA 
CAGCGGAACCGCiX^ArrGCCAATGG 
ATCCCCTCCCCCATXX:CATCCIGCGTp 
AGACGCAGGATGGCATGGGGGAGGGCATAC 

CGCCCrGGACrrCGAGCAAGAGATp 
CCATCfCTTGCTCGAAGTCCAGGGCGAC 



For each oligonucleotide used In this study, the nucleic acid sequence is given, ^rltten m th 
5' ^ 3' direction. There are three types of oligonucleotides: PCR primer, 

in the 5' nuclease assay, and complement used to hybridize to the corresponding probe. For m . 
protesft^e underlined base Indicates a position where IAN with TAMRA attached was substl 
tuted for a T. (p) The presence of a 3' phosphate on each probe. 
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A 1 -2 RaQgccctcccccatgccatcctgcgtp 

A1 -7 RATGCCrQCCCCCATGCCATCCTGCGTp 

A1 -1 4 RatgccxttcccccaQgccatcctgcgtp 

A1 -1 9 JRatgccctcccccatgccaQcctgcgtp 

Al -22 RatgccctcccccatgccatccQgcgtp 

A1 -26 RatgccctcccccatgccatcctgcgQp 



Probe 


518 nm 


582 nm 


RQ- 




ARQ 




no temp. 


4- temp*. 


no temp. 


•I- temp. 








A1-2 


25.5 ±2.1 


32.7 ±1.9 


38,2 ± 3.0 


38.2 ±2.0 


0.67 + 0,01 


0.86 ±0.06 


0.19 ±0.06 


A1-7 


,53.5 ±4.3 


395.1 ±21.4 


108.5 ±6 3 


110.3±5.3 


0.49 ± 0.03 


3.58±ai7 


3.09 ±0.18 


A1-14 


127.0 ±4.9 


403.5 ±19.1 


109.7 ±5.3 


93.1 ±6.3 


^^6±ox32 


4.34 ±0,15 


3,18±ai5 


A1-19 


187.5 ±17.9 


422.7 ±7.7 


70.3 ±7.4 


73.0 ±2.8 


2.67 ±0.05 


5.80 ±0.15 


3.13 + 0.16 


Al-22 


224.6 + 9.4 


482.2 ± 43.6 


100.0 ±4.0 


96.2 ± 9.6 


2.25 ±0.03 


5.02 ±0.11 


2.77 ±0.12 


A1-26 


160.2 ±8.9 


454.1 ±18.4 


93.1 ±5,4 


90.7 ±3.2 


1.72 ±0.02 


5.01 ±0.08 


3.29 ±0.08 



FIGURE 2 Results of 5' nuclease assay comparing 0-actin probes with TAMRA at different nucle- 
otide positions. As described in Materials and Methods, PGR amplifications containing the in- 
dicated probes were performed^ and the fluorescence emission was measured at 518 and 582 nm. 
Reported values are the average ±1 s,D. for six reactions run without added template (no temp.) 
and six reactions run with template ( + temp.). The RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ" and RQ * values. 



qui 



divided by the emission intensity of the 
quencher to give an RQ ratio for each 
action tube. This normalizes for well- 
weil variations in probe concentra- 
tion and fluorescence mea.su rement. Fi- 
nally, ARQ is calculated by subtracting 
the RQ value of the no-template control 
(RQ") from the RQ value for the com- 
plete reaction including template 
(RQ"). 

RESULTS 

A series of probes with increasing dis- 
tances between the fluorescein reporter 
and rhodamine quencher Wjere tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease PGR as- 
say. These probes hybridize to a target 



sequence in the human P-actin gene. 
Figure 2 shows the results of an experi- 
ment In which these probes were in- 
cluded in PGR that amplified a segment 
of the p-actin gene containing the target 
sequence. Performance in the 5' nu- 
clease PGR assay is monitored by the 
magnitude of ARQ, which is a measure 
of the increase in reporter fluorescence 
caused by PGR amplification of the 
probe target. Probe Al-2 has a ARQ value 
that is close to zero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. This sug- 
gests that with the quencher dye on the 
second nucleotide from the 5' end, there 
is insufficient room for Taq polymerase 
to cleave efficiently between the reporter 
and quencher. The other five probes ex- 
hibited comparable ARQ values that are 



clearly different from zero. Thus, all five 
probes are being cleaved during PGR am- 
plification resulting in a similar increase 
in reporter fluorescence. It should be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
in reactions where amplification occurs, 
the majority of probe molecules remain 
uncleaved. It is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRA changes little with 
amplification of the target. This is what 
allows us to use the 582-nm fluorescence 
reading as a normalization factor. 

The magnitude of RQ" depends 
mainly on the quenching efficiency in- 
herent in the specific structure of the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ~ values indi- 
cate that probes Al-14, Al-19, Al-22, dnd 
A 1-26 probably have reduced quenching 
as compared with A 1-7. Still, the degree 
of quenching is sufficient to detect a 
highly significant Inaease in reporter 
fluorescence when each of these probes 
is cleaved during PGR. 

To further investigate the ability of 
TAMRA on the 3' end to quench 6-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PGR assay. For each pair, one probe has 
TAMRA attached to an internal nucle- 
otide and the other has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2. For all three sets, the 
probe with the 3' quencher exhibits a 
ARQ value that is considerably higher 
than for the probe with the Internal 
quencher. The RQ" values suggest that 
differences in quenching are not as great 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficlentiy the 



TABLE 2 Results of 5' Nuclease Assay Comparing Probes with TAMRA Attached to an Internal or 3'-terminal Nucleotide 



518 nm 



582 nm 



:l . Probe 


no temp. 


+ temp. 


no temp. 


+ temp. 


RQ- 




ARQ 


A3-6 


54.6 ± 3.2 


84.8 ± 3.7 


116.2 ±6.4 


115.6 ± 2.5 


0.47 ± 0.02 


0.73 ± 0.03 


0,26 ± 0.04 


<. A3-24 . 


72.1 ± 2.9 


236.5 ± IM 


84,2 ± 4,0 


90.2 ±3,8 


0.86 ± 0.02 


2.62 ± 0.05 


1.76 ± 0,05 


I: P2-7 


82.8 ± 4.4 


384.0 ± 34.1 


105.1 ± 6.4 


120.4 ± 10.2 


0.79 ± 0.02 


3.19 ±0.16 


2.40 ±0.16 


I ^|27 


113.4 ±6.6 


555.4 ± 14,1 


140.7 ± 8.5 


118.7 ± 4.8 


0-81 ± 0,01 


4.68 ±0.10 


3.88 ± 0.10 


r ^Pio 


77.5 ± 6,5 


244.4 ± 15.9 


86.7 ± 4.3 


95.8 ± 6.7 


0.89 ± 0.05 


2.55 ± 0.06 


1,66 ±0.08 


1 P5-28 


64.0 ± .S.2 


333,6 ±12.1 


100.6 ± 6,1 


94.7 ± 6.3 


0.63 ± 0.02 


3.53 ±0.12 


2.89 ± 0.13 



It- 



Reactions containing the Indicated probes and calculations were performed as desalbed in Material and Methods and in the legend to Fig, 2, 
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fluorescence of a reporter dye on the 5' 
end. The degree of quenching is suffi- 
cient for this type of oligonucleotide to 
be used as a probe in the 5' nuclease PGR 
assay. 

To test the hypothesis that quenching 
by a 3' TAMRA depends on the flexibiiity 
of the oligonucleotide, fluorescence was 
measured for probes in the single- 
stranded and double-stranded states. Ta- 
ble 3 reports the fluorescence observed 
at 518 and 582 nm. The relative degree 
of quenching is assessed by calculating 
the RQ ratio. For probes with TAMRA 
6-10 nucleotides from the 5' end, there 
is little difference in the RQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in RQ, We 
propose that this loss of quenching is 
caused by the rigid structure of double- 
stranded DNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg^^ effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a funaion of Mg^"^ concentra- 
tion. With TAMRA attached near the 5' 
end (probe Al -2 or Al-7), the RQ value at 
0 raM Mg^"" is only sUghtly higher than 
RQ at 10 mM Mg^"^. For probes Al-19; 
Al-22, and Al-26, the RQ values at 0 mM 
Mg^"^ are very high, indicating a much 



reduced quenching efficiency. For each 
of these probes, there is a marked de- 
crease in RQ at 1 mM Mg^'" followed by 
a gradual decline as the Mg^ concen- 
tration increases to 10 mM. Probe Al-14 
shows an Intermediate RQ value atO nui 
Mg^^ with a gradual decline at higher 
Mg^"^ concentrations. In a low-salt en- 
viroimient with no Mg^"*^ present a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg^^ ions acts to 
shield the negative charge of the phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
the 3' end is close to the 5' end. There- 
fore, the observed Mg^"^ effects support 
the notion that quenching of a 5' re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the rhodamlne dye TAMRA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-FAM) placed at 
the S' end. This implies that a single- 
stranded, douhle-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5' 
end. It should be noted that the decay of 
6-FAM in the excited state requires a cer- 
tain amount of time. Therefore, what 



TABLE 3 Comparison of Fluorescence Emissions of Slngle-stranded and 
Double-stranded Fluorogenic Probes 



518 nm 



582 nm 



RQ 



Probe 



ss 



ds 



ss 



ds 



ss 



ds 



Al-7 

Al-26 

A3-6 

A3-24 

P2-7 

P2-27 

P5-10 

P5-28 



27.75 
43.31 
16.75 
30.05 
.^5.02 
39.89 
27.34 
33.65 



68.53 
509,38 

62.»8 
578.64 

70.13 
320.47 
144.85 
462.29 



61.08 
53.50 
39.33 
67.72 
54,63 
65.10 
61.95 
72.39 



138.18 
93.86 
165,57 
140.25 
121.09 
61.13 
165.54 
104.61 



0.45 
0.81 
0.43 
0.45 
0.64 
0.61 
0.44 
0.46 



0.50 
5.43 
038 
3.21 
0.58 
5.25 
087 
4.43 



(ss) Single-stranded, The nuorescence emissions at 518 or 582 nm for solutions containing a final 
concentration of 50 nM mdicated probe, 10 mM Tris-HCl (pH 8,3), 50 mM KO, and 10 ibm MgCl^, 
(ds) Double-stranded. The solutions contained, In addition, 100 nM AlC for probes Al-7 and 
Al-26, 100 nM A3C for probes A3^ and A3-24, 100 nM P2C for probes P2-7 and P2-27, or 100 dm 
PSC for probes P5-10 and P5-28. Before the addition of MgOa, 120 jxl of each sample was heated 
at 95X for 5 min. Following the addition of 80 }d of 25 mM MgQ^, each sample was allowed to 
cool to room temperature and the Quorescence emissions were measured. Reported values are 
the average of three determinations. 



matters for quenching is not the average 
distance between 6-FAM and TAMRA 
but, rather, how close TAMRA can get to 
6-FAM during the lifetime of the 6-FAM 
excited state. As long as the decay time of 
the excited state is relatively long com- 
pared with the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
endi or any other position, can quench 
6-FAM at the 5' end because TAMRA is in 
proximity to 6-FAM often enough to be 
able to accept energy transfer from an 
excited 6-FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 siiows that hybridization of probes 
Al-26, A3-24, and P5-28 to their comple- 
mentary strand,^ not only causes a large 
increase In 6-FAM fluorescence at 518 
nm but also causes a modest increase in 
TAMRA fluorescence at 582 nm. If 
TAMRA is being excited by energy trans- 
fer from quenched 6-FAM, then loss of 
quenching attributable to hybridization 
should cause a decrease in the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation is 
more complex. For example, we have an- 
ecdotal evidence that the bases of the 
oligonucleotide, especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe is the TAMRA 
dye. Evidence for the importance of 
TAMRA is that 6-FAM fluorescence 
remains relatively unchanged when 
probes labeled only with 6-FAM are used 
in the 5' nuclease PGR assay (data not 
shown). Secondary effectors of fluores- 
cence, both before and after cleavage of 
the probe, need to be explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the 5' nuclease 
PGR assay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe in the 
5' nuclease PGR assay. The first factor is 
the degree of quenching observed In the 
intact probe. This is characterized by the 
value of RQ' , which is the ratio of re- 
porter to quencher fluorescent emis- 
sions for a no template control PGR. In- 
fluences on the value of RQ" include 
the particular reporter and quencher 
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mM Mg 

FIGURE 3 Effect of Mg^ ^concentration on RQ ratio for the Al series of probes. The fluorescence 
emission intensity at 5 18 and 582 nm was measured for solutions containing 50 nM probe, 10 mM 
Tris-HCl (pH 8.3), 50 mM KQ, and varying amounts {O-IO mw) of MgCi2' The calculated RQ 
ratios (518 nm Intensity divided by 582 nra intensity) are plotted vs. MgCl2 concentration (mM 
Mg). The key (upper ri^^ht) shows ttie probes examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 

•ther factors that reduce flexibility of 
le oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
of hybridization, which depends on 
probe T^, presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DMA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter arid quencher 
dyes drastically reduce the cleavage of 
probe/^^ 

The rise in RQ~ values for the Al se- 
ries of prot>es seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (see Fig. 
3) rather than for the prol>e where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
an internal position. In effect, a 
^Hiencher at the 3' end is freer to adopt 
^^informations dose to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the inteipretation of RQ~ values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ~ than the in- 
ternal TAMRA probe. For the P2 pair, 
both probes have about the same RQ~ 
value. For the PS probes, the RQ" for the 
3' probe is Jess than for the internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ". 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that protjes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3' end. This illus- 



trates the importance of being able to 
use probes with a quencher on the 3' 
end in the 5' nuclease PGR assay, in this 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe Is cleaved between the 
reporter and quencher dyes. By placing 
the reporter and quencher dyes on the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is attached 
to an internal nucleotide, sometimes the 
probe works well (Al-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is being cleaved 3' to 
the quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct in the 5' nuclease PGR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T„ 
of a probe. In fact, a 2°C-3°C reduction 
in has been observed for two probes 
with intemaUy attached TAMRAs.^^^ This 
disruptive efiect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of inaeased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with intentally labeled probes. This, tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PGR 
is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et ai.^^^ demonstrated that allele-specific 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
^508 mutant. Theh: probes had TAMRA 
attached to the seventh nucleotide from 
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the S' end and were designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
between reporter and quencher would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be useful for allelic 
discrimination. 

In this study loss of quenching upon 
hybridization was used to show that 
quenching by a 3' TAMRA is dependent 
on the flexibility of a single-stranded oli- 
gonucleotide. The inaease in reporter 
fluorescence intensity, though, could 
also be used to determine whether hy- 
bridization has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful as hytiidization 
probes. The ability to detect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
ization assays for diagnostics or other ap- 
plications. Bagwell et al.^'*^^ describe just 
this type of homogeneous assay where 
hybridization of a probe causes an in- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe sequence to form two Imperfect 
hairpins. The results presented here 
demonsuate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the other 
end generates a fluorogenic probe that 
can detect hybridization or PGR amplifi- 
. cation. 
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Wc have developed a novel "real time" quaitdwilvc PCR mcihod. The method meacuret PGR prodnn 
accumulation through ^ duaM<tbtilt;d nuorogenlc probe (i.^;., TaqM.in Prob«). This method provides very 
accurate and reproducible quaniliation of gene copies. UnJike'ocher quanlllallve PCR methods, real-time PGR 
does nor require poM-PCR wniple handling, prcvendnc poteniial PGR product carry-over contamination and 
resulting In much faster and higher throughput assays. The reaMlme PCR method has a very large dynamic 
ranire of starting target molecule delermlnatlon (at least nvc orders of maenUtidc). Real-llme quaiUltarlvc 
PCR is tfXlremcly accurate and ress-lahorHntenslve than current quantitative PCR methods. 



Quantitative niadcic acid sequence «Tialysjs nas 
had an iinpoflnnt role in mauy fields of hiolojji- 
cal research. Mcasuicnjcfii of gcut oxpfcsslon 
(RNA) ha$ bttttn uAcd extensively In nioiiiloring 
biological rcxijciises 10 various siimuii d'HTJ e\ al. 
1991; Huanft el al. I995y,h; Pfud'hunimc et al. 
lyy.S). QuanUiativc gi*m* analysis (r;NA) has 
iH-cn u$cd \o dr.itrmine the ^e.nuiiu' ^uantliy of 3 
iwrticulargcne, as in the case ctt MO human HKK2 
gene, wlilch Js amplified in -SCyHi of l>fcast tu- 
mors (Slamoii u al. 1987). CJcne and genome 
quantitation (UNA and UNA) also have been used 
for analysis of htiuian immimodcficiency virus 
UnV) burden dcmonst rating changes in the lev- 
els of virus thTOughoul the different phast^ of the 
disease (Connor al. 199:5; Plittak el al. jyv.'Sh; 
J'urtado et a!. 1995). 

Many methods havt^ been described for thi: 
quantitative analysis ot nucleic acid set|ucnccs 
(\)olh tor RNA and DNA; Southern 1 V/5; Sharp el 
al. 19K0; Thoujiis 19«0), Recently, PCR Jia.s 
proven to be a powerful tool for quantftative 
nucleic acid anal>'sl.'?. PCR and reverse tranficrip- 
tcJst; (K*i')-PC:R have permitted the analysis of 
minimal stitrtlng quantities of nucleic acid (as 
little as one cell equivalent). This has made ]>os- 
siblc many experiments (hat could not hove been 
performed with tradidonal methods. Although 
PCR has provided a powerful tooK it is imperative: 



that It be Uied propcrJy for qunntitutlon (U»uy- 
maekers 1995). Many early rcjxjrts of quantita- 
tive PCR and IVl-PCR described (juantilotion of 
the rCR product but did not measure the initio) 
target swjuenco quantity. It is essentia) to design 
I>roper controls for Ihe quantitation of the initial 
target sequences (Pcrrc 1992; dementi et al. 

HK*s*:iicchcis have developed several methods 
of quantitative PCR and RT-PCR, One approach 
measures 1*CR product quantity in the l<jg phase 
of the rca<ilon before the plateau (Kellogg <rt al, 
1990; )*ang ct a). 1990). This method requires 
thai each sampler has equal input amounts of 
nucleic- add and that each sample under atjalysis 
ampllfle.s vvitli iOcniicdl efficiency up to the point 
of quuixtitativc aiialysls. A gene sequence (eon- 
tahied in iiH samples at relatively constant qtjan- 
litu^, such as p-aclln) turn be used for samj)le. 
utnpliTication «fHcicncy normalization. Using 
conventional methods of PC:r detection and 
quantitdtion (gd electrophoresis or plate capttirc 
hybridl7-at1on), it is extremely laborious to assure 
that all samples are analyzed diiring the log phase 
of the reaction (for Ixith the target gene and the 
normalization gene). Another method, quanllta- 
tlve competitive (QO 'PC^R^ has l^cen developed 
and is iised widely for JKIK quantitation, (JC-PCR 
rt!lfcs on the inclusion of an interna) c<intfot 
competitor in c^ch reaction (Becker-Andre 1991; 
Platak cl ol. The cfflcioncy of each rc. 

action Is nomiull^^cd to the inicrnol competitor. 
A known awuinnl of !nl*-jnaJ competitor ^^n be 
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acldod in oach RUinpk*. '!'<» obtain relative r|»'5»n(* 
totlon, the unknown largct I'CR pKKUirt is ana- 
pared with iho known com pet it cm 1'(':k product. 
Success uf a cjuantllaHvc cuuipCtUive l*CU a^say 
relies on acvcloplngan nucrnal wnlroJ llinl am- 
l>linr,s wilh the same ciflCTlf-ncy ajf llic "iol* 
cvulo. I'iic dCSlK'** of r)ii: coinpctltui tiiiU the voJI- 
aaiion of a mplifl cation cffidcju-ic^ jcqujrc n 
<lcUlcatcd cffurl. Jiowevci*, bccnusc QC.^r€:K d<H'!i 
not require Ibut PCiU jxikIucIs be «iiiiily:<xxi during; 
the Joj; phttsc uf Hic iiiujilificatioa, it is tin: c^slor 
vf ihtr. two methods to u>t. 

Sc'verjil detection nytticnu «ic uw.d fc;i quan 
tJtativc I'CK iind n'l-l*c:w analysjs: <3) ai;;irc>.';o 
(2) iluortrit.x'jtil lalJcH 11)4 of K^U pi'oduct.s jind 
detection with lii.nTr-jiulu<:c:d flu<jr<\Si.vrtCC 
capillary elitctropJioTctirt (hMsco cl aJ. 1995; Wil- 
liams CT al. 1996) or acrylaiuidc gcLs, ond <3) philc 
C-apUire and sandwich pruLn: liybriOl/^Hion (Mul- 
der «1 aL 1994;. AmiOUj<*h these IJIC(>H)dN jimvcrd 

SUCCC-ssfui. each ineTht^d requires poil-]*CR iit«j- 
aipularlons Thar .;ufu rlrnti 10 the iuialyMs uuO 

limy lead to ]itbuMJ(i»*y 4 on Id 1 11 1 oat ion. 'i'hc 
sainpie Ltiiuugiipu( of Die^c iiirUi(^d.% i.s II jn I ted 
(wilh Uu- i-xcc:pilrm of the plate capture np- 
proiK'h), ,wn<l, tht:r\:ff)Tt.% these me I hods oire not 
well >uilrd ftJi u.sc:* dciiiitodin^ hif;h SAjnple 
ihrouRhptu (I.e., .scTcx.*nlUK nujiibers of 

hUititwtc:\.ulc:> \h auatyy.lo^ AAiuplv^ i\js diagnos- 
tic;^ ^ir clitiicol tri,iLs), 

Here we r^tiMirt flic development ol' « novel 
iissixy for quantitative. DNA annlysl.i. The aiisay is 
lj<tflf<itd ou the tjSf. «>r (htt 5' nucJe^so assay Or^t 
dcscTibed by Holhuid ct ah (1991). Tiie Juethod 
u.se3 the nuc1cA,sc flctivliy of 7Vu/ pulyincrase to 
cleave a noncxtcndlblc hyhridi/^ition probe dur*- 
ln;t; t>ir c7ctcn^ion phoar of I'CIt- 1*>u'. npproncli 
u»e:i dunl-liibclcd fluoro^enic hyhrkIi/,«tlon 
probt-5 (L^c ct n). 1993; na^sler et ah 1995; iJvak 
et.tth 199rio,b), One Ouore^cvnt dyv r*eryv.3 a 
reporter |FAM (i.e., 6-ciirboxynuorecK*e»n)| find iis 
emission spcctftt is quenched by the second fiuc»- 
rese.ent dye, TAMRA (hft., ^i-carhoxy-t etr« methyl - 
rhodaminc), llic nuclease degradation of the hy- 
hrldivJititni jjrohe reluaseH the quenching t»f Ihe 
TAM fluDfcscciU ciJihskm^ re^oltini; in an In- 
tTcaSe iu peak fluorescent emission at SJfct nm, 
llie use of a seijuencc detector (AUI Prism) allowst 
measurement of fluore^urtuit spectra ol dlt 96 wells 
of the ihcrntal cyclcc continuously tlurlng the 
r<;K ampUflcarlon. 'rncre lore, the rcuct'iou> ajv 
monltt^rvd in real taii^. TJic output data Is de- 
scribed and qu«7JtlTatlve uiiulysih of input tuj^-ct 
I )NA sequences 15 disctisscd heh>w. 



RESUI.TS 

PCR Produce Dcrcalon in R«al Time 

^oi\\ \y;is 10 develop a high-lhrtuighput, son- 
,\itive, **nd nccanilc gene quwTilihitlon assay fur 
U5C In monitoring lipid mediated iho.rapouTic 
gene delivery. A plasinki wncodin^ hutnau factor 
Vlll gene .letiuence, pI-'STM (sec Methods). w;is 
ascd as a nicHlel nH:raj>cutic Kt«u!. The assHy 
fluorescent Taqman mothodolofcty Hn<I an instru- 
ment C4«jj<i bit: of measurin^jt fltjoroscence in rc;tl 
thnc (Alii Prism 7700 Sequence Hcleclor). nu: 
•raqtu;*n reaction requires » hybrlclla:dio7) jirnhe 
lal>cJed witli two different fluoretx-ont dyes, Ono 
dye li a reporter dy« (l«AM>, the othev ix :{ quench- 
ing dye (TAMRA), When tiie pmlM: \s jolacl, fluo- 
I cat en t energy tranrtfer occurs and the foport or 
dye fhiorc*e<!nt emission is wbsorbed by the 
qucnclUn^ dye (TAKfRA). During l}ie cxtenfjion 
phase of the TCR cycle, the fliiorescx'nl hybrid- 
\/Ji\\ou pfoi>c Is cleaved by tlic 5'"'^' nucleolylic 
octJvity f>f thr DNA poiymcrasc. On cleavage of 
the probe, tlie reporter dye emission Is nt> h)nj»or 
tran.iforrcd efficiently to the qxicnehing dye, re 
sultiPK b» Oil hi crease of the reporter dyy fluorcfc- 
cent eini.*».'ilt>ii »j>«ctra. PCR primers and prohuN 
were ^ierii^niHl fin the iium^n fitclof VilJ se- 
quence cind humci}! p-actln gene (a.t de.ncrihetd in 
Methods). Opiiuiization reactions were per- 
forniect u> choose the approprlute prol*e unci 
magnesium conccnuations yielding U»e hiKhr^t 
Intensity of reporicr fluorescent si^ntil without 
stticrlficin^; specificity. The Inst rumen I uses a 
chftixe-couplcd device (?.c„ CCD caineni) for 
mca^iaring the fluorescent emliision ajnxtni from 
FiiH} to r,$0 nni. I each PC:U tube was Jiioniturcd 
sequentially for 2!> tn.sce w»iih continuous monl- 
torinjc; thrv>u^;hotit the ani|ilifieutiun. lUt<:h lube 
wan rr.-<:x£indncd every H»5 ^^ce. Computer soft- 
ware was dcrsi^ned to examine the fluorescent In- 
tensity of both t>ie rei>ortcr dye (KAM) And 
the quenching dye (TAMilA). T>»c l(u«re.sccnt 
intensity of the quenclilnj;; dye, TAMJIA, chung^-s 
very little fwer the course uf tlie PCR amphfl* 
cation (data not shown). Therefore, the intensity 
of TAMllA dye omission serves Htt nt^ hncriial 
slandtird with whieh to nonnullyje the re])orter 
dyt: (rAM) emission variations. Tl^e software ctd- 
culttivs u vdhn: termed AUn (or ARQ) usJnf; the 
folJowin^; equation: ARn - (Un^) (Hn"), where 
Kn"* . enil»Miun itjlcnshy ot ro|Xjrier/cmissio»x in- 
teiisity of tjutsnehcr at any given time \n a rctie 
tton tube, and Rn r- emission intensility of Tc- 
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prior to rCK iini]^Iilica\uni in.lhar same nvitrtian 
tube. Tar tlic purpose of quaiiiUatUm, Ujc Iw.si 
three dat^j puinus (ARns) collccleil during the t^v 
teiisioil step for each J'C:K cycK' wore analy/tid. 
The oiicltfolyiic dcj^radotion of ihc hyoiuhy-aiion 
jifobc oc:air.s (luring ihe cxtcnsiun phas* of I'CJi, 
and, tht;n?forc, reporlcr fiuurescent uinsMun in- 
creases; during ihis time. Jiu: ilnct: clai<i i>olntN 
were averaged for c^icJi i't.'K cydc and ihe iiivmn 
valuif for each was pldtu^d in an "azupllMcatlon 
I>loi" shown In J^ijjurc J A. TIic AKn mean vahu* is 
ploucd on Ihe ^'-axis;, and time, represented hy 
cycJc nttmber, is plotted on thv;f-4xis. During the 
earJy cycU"..s ui the VCAl ampjiflcatlojl, tJif ARn 



value KMiialnK at bas(i Ijno When .surficionf hy- 
bfid'y/Mlow probe hu$ boon cleaved by tbe Tin; 
IxilyjTicrase nviHtf;A60 ftctlvlty. Hie iiileniily of ro- 
|X4rtc-r fJuorctccni emission liijL'reiibieb. MoaI KIls 
anipHDv^ljons rcaei) u vjlaieau phnH<^ of reporter 
fJuore>evMd cnriififiion if the rewclUwi is carrii*d f^ii 
lo high cycle ninnK^iN. The amj^lifiralion plot Vj 
exanniicd vjiJy hr lh<i reaction, ut a poJiit lh/li 
ic:j>jcscnts ihv \ofi ph4i4!e of prt-KknN nrnnnula* 
lion. This is done by us&if^nlng ,^ti miiiUuty 
ihreshoid thui is Uiscd on the varuiljiUly of the 
hiis«-iiiiedMU. In J'JgiKe 1 A, tJie threshold whs xci 
al 10 sinjidiird deviiinonK above the mc;in of 
Via^c line cniis^toii iralculated from iyi;lc:» 1 lo 1 fv 
Oncv the threshold Is chosen, tlic point at which 
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Figure 1 PCR product detection in real tfn^e. (,A) The Model 7700 M^Uwdre will comtruct ampiificatioo ploti 
from the extension phase fluorescent emission data colleaed during the PCR amplification* Tlie standard de- 
viation is determined irom the data points collected from the base line of the amplification ploL values are 
calculated by determining the poini at which the fluorescence exceeds a threshold llmil (usually 1 0 times ihe 
stand^ird deviation of the base line), (ff) Oveday ot amplification plots of serially (1:2) diluted human genomic 
DNA wmofcs amplified with ^-actin primers. (O Input DNA concentration of the samples plotted versus Cj. All 

• . -4.. * t\0^t vKajm/c ulviNtf\ 

^^0® eora Z0S6 091 .6^6 XVJ 6S:^I 2002/S0/6T 



From : BM. 



PHONE No. : 310 472 0905 



Dec, 05 2002 12:22Pin P14 



RIAI IIMI OllANllUHVI \KM 



i 



660(2] 



the amplificntion j>l<>t cro&ticd llic tUfcshold is- de- 
fined as C,, C, is rc|>oTicti as Ihc cycle number m 
ilxla ]j«ioi. Ar will be dcmunsUuttuI, Ihi* tl, .value 
l^ 2>it;dictJv<r ol ihc quantity of input t'ir^i'>l< 

Cx Values Provide a Quantkadve HeaKurcmcnr.ol'' 
Input larger Sequences 

Plgurc IB shows amplification plot* of ]i»<<1iYffSK. 

en( PGR anipIlficAilons overlaid. 'H'ic nmplificuv 
tions were perfonuod on a 1:2 serial OJlutlora -(ix^ 
human genomic J)NA. The ampHflod tarfjoi wa*. 
human p actin* Tho :4mp]ific:Uion plotK Kliifl to 
the right (to higher thrc-shold cycles) nn the injnil 
t^rgol quantity is reduced, 'Jl'>if. is expected hc^- 
i'Mim niHCttoriK witli fo.wor <;t:4rtin^ cnpuis of tJtC 
target molecule require grcaicr aniplificaUon to 
degrade enough probe to titt*Hn the rhreshold 
fluorescence. An arbitiaiy threshold of 10 mtiu}^ 
dard dcvJallons ahove the base line was used to 
d(^tc*nnnie the C:.|. value:f. Figure IC: ruprcswits the 
C:^ values plotted VLT:ius ihv s/unpJc dilution 
value. Bach dilution was amplHicd in tflpJicale 
Pf'R ampl!fkuitif)ns and plotted as mean vahuvs 
With error bars rcprcscniln;; one standard devia- 
tion, Tl(c Cr VitJucs dcxn;a:ic- linearly with increas- 
ing target quantity, Thus, C^j- v/diu:?i can be used 
as a quontUative measurement of the input target 
number. It should be noted that the amphfica- 
tion plot for the 15.6. ng samjMc shown In lUgurc 
IB does not reflect the same fluorescent rate of 
Increase exhibited l)y tnosT of the other samples. 
The 15,6-ng sample also achieves e.ndpolnt pla- 
teau at a lower fluorescent value than would be 
cxjK-c-tcd baM;d on the input DNA. This pJu:no7n. 
enon has been, objicrvcd occasionally with ot)ier 
samples (data not ^huwn) arui may be cUtrihut- 
able to latft cycle i/ihibition; this hypotlicsis is 
still under itivestigalion. It is importani to jiote 
lhat the flattened slope and early plateau do not 
impact signrnci^intJy the calculated value as 
dcmonstratetl by the ftl oji (he line shown in 
Fijiure. 1 C. All triplicalc ampllficaiionN resulted in 
very similar C- values— ihc standard deviation 
did not exceed 0,5 for any dilution. This cxi>cri- 
ment contains a >100,00a-fold range of input tar- 
get molecules. Using Cv values for qunnlUafion 
permits a mucJi larger assay range than directly 
using total fluorescent omission inlensHy for 
quaTiliiation. The linear range. ol lluorcsccni In- 
tensity nieaswrein*tni of (he ABI I'rIsm 7700 Slc- 



mc'fVtK over n very large r;4nj»(' of rf^Uiive (;i;«rrlTip^ 
target qnantlttos. 

Sample Preparation Validation 

Several parameters influence the efncU-iiry uf 
PC:r umplification: magnesium and sail coiiceu- 
iratloit?:, reaction condition:; (i,c„ linie nu<\ u.tn- 
perature), PCK target size and composition* 
primer sequences, and sample purity. Al) of The 
above (actors are conujion to a shij^lc rCR assay, 
except sample to sample purity, in an effort to 
validate the method of sa)n]>le ]>re})aration for 
the factor Viil assay, PCKamplilication reprodnr- 
ibflity and olficlency ol 10 replicate sample 
j>reiwratioTis were iixamifjed. After genoiT)ir l>NA 
was jjrepared from the 10 ft^iplieaic sani])los, the 
DNA was qunntUalcd by ull/avlolct spectroscopy. 
AmpUncallons were performed analyzing p-aciin 
Keiu: content in 100 and Z5 of total genomic 
DNA. liach PCJR amplification was performed in 
triplicate. C^ompiiiison of ily values for each trip, 
licate samjjle .show ininimul variation based on 
standard deviation and cocfllciejn of varianc:e 
(Table 1), rbercfore, each ol the triplicate VCM 
amj)lificatioris was highly reproducible, deinon- 
Slraiing that real time I^Cil using this injlrumcn- 
inlion introduces minimal variation Into the 
quantitative J'CU analysis, r-^mnwriiton of the 
mean values of the 10 replicate sample prepa- 
rations also showed nihiimal varial)ility, indicat- 
ing tliat each sample preparation yielded siiniiar 
results for H-actln gene quantity, i hc highest C,y 
<liffercnce between any of the samples was 0,i>S 
and 0.73 for iJie 1(X) and 25 ng samples, respec- 
tively. Additionaily. the ainpllfleaiion uf eai:Ji 
sample exhibited an equivalent rate of fluorcV' 
cent emission intensity change per amount of 
DNA target analyzed flS indicated by similar 
slopes derived from Ihc sample dilutions (l-ig, 2). 
Any simple contahiing an excess of a 1*CI< inhibi- 
tor would exhilJft a greater measured 6-acdn C;,- 
vaiuc for a given quaniliy of DNA. In addition, 
the inhibitor would be diluted along wiDi (he 
sample in the dilution arialysi.s (H^. 2), altering 
the expected Cr value change. Riteh .Nample am- 
pJificntion yielded a similar result in the analysis, 
demonsiratin^f (hat tisis method of .siimplc prepa- 
ration is highly reproducible with regard lo 
sample purity* 

Ouancicadve Analysis of a Plasinid After 
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Tabl9 1. Roprodu^fbUlty of S«mplo Preparation Method 



Samplo 
no. 



2 
3 
4 
5 
6 
7 
8 
9 
10 

Mean 



100 ng 



25 ng 



standard 
m^dn deviation 



CV 



18,24 
18,23 

18.33 

18.35 

18,^4 

18.3 

18.3 

18,42 

18,15 

18.23 

18.32 

18.4 

18,38 

18.46 

18.54 

18.67 

19 

18.2B 

18.36 

18.52 

16.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

1 8.66 

0 10) 



1«.27 O.Q^ 



18.-^7 0.06 



18,34 0.07 



18.23 0.08 



18.42 0.04 



18.74 0.21 



18.39 0.12 



18.63 0.16 



18,29 0.1 



1fi..S5 
18.-12 



0-12 
0.17 



0.32 

0,3? 

0.36 

0.46 

0,23 

1.26 

0,66 

0.83 

O-.-SA 

0.65 
0,90 



20.48 

20.55 

20.5 

20.61 

20.59 

20.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20,38 

20.68 

20.87 

20.63 

21,09 

21.04 

21.01 

20.67 

20,73 

20.65 

20.98 

20.84 

20.7S 

20.46 

20.54 

20.4H 

20.79 

20.78 

20.62 



(tandard 
mean deviation 



20,51 0.03 

?0..^4 0.11 

20,54 0.06 

20.43 0.05 

20.73 0.13 

21.06 0.03 

20.68 0.04 

20.86 0,12 

20..^1 0.07 

20.73 0.1 

20.66 0.19 



CV 

0.17 

0.54 

0.26 

0.26 

0.61 

0.15 

0.2 

0.57 

0..32 

0.16 
0,94 



tor txuitainin^ a payiM cDNA for hiTin<m fac-tor 
Vni, pl-8TM, A JicricS of tninsfcclions wan sot 
up using a ticcrcasing amount of the plasiiiid\40, 
4, 0.5, and O.l jjtg). 1\vt-.niy-rour hours po.st- 
ion^ toiul r^NA wfl3 purified fttnti each 
flask of LtrlJi, fJ-At liu gciitr.quiiJitUy wa^ tliOMrn 
a valuer Toi* normd]i;;atMiii of ^v-numic DNA crtn- 
ccntratioji fixjin tudi attiapk*. lii llils cxpninicitt, 
(i-actin gene cojiicni should remain consiani 
relative to coral genomic UNA. HBurv:^ show?; Ihc 
result of Oie p-actln ONA ineaxurement <100 ng 
total DNA dclermined by ultraviolet spetrtnjs- 
copy) oi «aUi aiuiiifile. V^ch SAmple was analysed 
jn irlplicatt? and the mean |i-actin C:^ values of 
the triplicates were plotted (error bars represent 



UehviiH^n any iwr> samj>lo moanic was OMS C,.. Ten 
nanograms of total UNA of vach Sample were aUo 
cxaiiilfic:d for p-actln, llic results u^ivn xJiowed 
that very :iiifiilar amount.s of genomic i>NA wore 
prci*ent; tlie inaximum mean actin C;, value- 
difference ] .0. As I'igure 3 shows, tlic rate of 
P-actiu Cr diynge boLwocn the JOO and lO-ng 
siunplc.-* was similar (iiJope values rang« bwtwoon 
3,56 aiiU - 3.45). ThI.H vcrlfle.5 again ihut the 
Jiietbotl of .sample preparation yields KaTnjjlos of 
identical PCJR integrity 0,<-# no sampler co»»t. lined 
an excessive aTnounl of a PCR Inhibitor). ITow- 
*!vcr, these results indicate that each sample con 
tained sUglit diffcienceis in the actual amount of 
geni»mic ONA analyxcd, Detcrminatfon of actual 
uenoiinc ONA vonccnUation was accomplished 
90M 20S6 091 eve XVd 00:ST 2002/S0/2T 
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Fl4grun: 2 S^iniple pfeparaUon pun'ly. 1 he replicoto 
sampies ihown In Tablo 1 woro a 14:0 anipIiOed In 
tripicale using 25 iig of each DNA t ample, Th€ fig- 
uit showi die input DNA conccntrntion (TOO fifid 
25 ng) vs. C, in ihf» liQur**, ihp 100 ^n<i ?f\ ng 
potfUS (or «ach sample are connectcKi by a line. 



hy j3)oUJng the mam P-actJu value cibtalnod 
for t«at:h lOO ng iittUJplv vmi a p-acihi si.indnrtl 
loiive (shown In J'ia- ^O). The ocUial K«""'*^i<^ 
1>NA concculr;i<*<"> each sHmpU-:, a, wos ob 
taincd l>y cxlrapolflllon U> Uiw x wj^U. 

normflU?i«sU) qiuniUlics uf faclor VJJJ plnniTiUl 
DNA (preTM) 1*1012% each of tlu: four iransicni ccl] 
trHri,sr«;ciionft. Each rcaclion contained JOO 
lolol somplC! ONA (us dctcnninod by UV spcctrov- 
co]3y). llach sample was iiualyzcJ in IriplU.utc 
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Figure 3 Analybib yf lidnsfectcd cdl DNA qwonlliy 
and purity. I he DNA prtparfttloni of Un-- (oor 
ceil transfeclions (40, 4, O.S, And 0.1 fxg of pFSTM) 
wef« analysed for the P-actln gene* 1 00 and 1 0 ng 
(determined by ultraviolel spectroscopy) of each 
sample were amplified in iriplicaie. For each 
amount of pF8TM that was transfectcd, the fi-aciln 
Ct values are plotted versus the lolal Input DNA 



l>c:l< siinpllfications. As shown, pI'BTM pviriri(.d 
,fi.oir Jbc 20H cells Uecrewscs (mean C, values in- 
cuut^i'?; with decreasing amoinitii (if pUsmld 
,lruii::>U'i..tti<l Thw xnc»n values obthiiH'U for 
pFbTN^) inTlgurC 4A wen: plotted on ;i sUindurd 
eurvc oomprl.sed uf sciIaHy dlJulcd pKHTM. 
Shown .in Tlgiuc 4R. 'I'he i^uanlily ui pI'Ki'M, /y, 
found in cai^h of tiic four tronKfc^.tions was do 
tcrmined by cxtrnp<jJaiion to the x axh; uf tho 
jiundard curve In l»i^uro 4R. Thojjc unoorreciod 
values;, for j^Wi'M were norMi^UyAttl t<> <k:i er- 
mine Uie aciu^l announl of pl'Sl'Kd ftivind per 100 
nw of genomic DNA by u.sing Ihc oqualion:. 

/> X 100 tig iiclual pFfrm copies ner 
^ 100 of genomic UNA 

where u - actual genomic DNA in u sample and 
(9 1- pI'H'l'M copies from the standord curve. 'Die 
normaJincd ^uanUly of pl'BTM per 100 ng of ge- 
nomic DNA for eiich of the fowr ir^n.i feci ions I.1 
shown in Hgiire 4JJ. 'Hicse rouUsi ^how vhai ihc 
quantity of factor Vin plasmiU ii:^st>cJiiteU wiih 
the cell!*, 21 lir «fver irun^sfvv.iion, iJiu.uMSv:;. 
with dccrc«slu>; pJti><iiiiJ u«u.«nuiiiJon uacU in 
the irair»fct:1ion. The quantity of pI'tt'l'M nssocJ- 
aicd wJlii Z93 cclb, after iransfcciioji with 40 ixg 
of piiismid, was 35 PSJKJ 100 ng ftmoiiilc DNA, 
TliiS results in -520 j^lasiiiid eopies per eell. 



DISCUSSION 

Wo have described a new nietliod for quant ihii- 
ifij> gcjic copy numbers usinfl real-time analysis 
of PCR ampHficatlcmx. ReaMirac PCK is compai- 
ibic with cltbiir of the two K:k (KT-PCR) ap- 
pruachc>: (1) quanlUativc comiJciiilvi: where an 
iuleinul wmpclllOf for each tarftct sequciii.'e iy 
used for norniaJiKfitlon (data not shown) or (2) 
qu a HtiiaUve comparative PCH usilng *» nu>ttux\i^e\- 
tiou j^ene contained within the sample (i.e., p-ac- 
tin) ox a ''housekeeping" gene for in-PfJK. If 
equal amounts of nucleic acid are analy/etl f(jr 
each sample aiul if ihc ampltflcaiiun cf/iucfu-.y 
before quauTJtatWe analysis o ideniical for each 
sample, the iTUernal cunlml (noimrtH^-Kition ^i-nt' 
or competitor) should give cqiud >%iMih for a!) 
samples. 

The real-time PCU method offers sevenil ad- 
vantages over tlic other two mcthtKis c:urrcntly 
employed (see the Introduction), l-irsl, the real- 
time l*CR method is perfomud in a dosed-tube 
system and requires no post-PCR martipulallon 
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f:j0iif-» 4 On^>ntltaiivo flnolyKi* of pFSTM in irafwfcctcd cclli. (yA) Amouni of 
plasmid DMA U5cd for (h<; trHnsfecHoii plotted against Hit; hk-um C, value deter- 
mmod for pfHTKi rcmalnintj p,^ hr aflcf U«n«fcCtSon, (D,C) Standard c:ijrvn* of 



pf^ftTM i»nd P-iicUri, respectively. pfl^TM DNA (fi) ond gcnorrifc ONA (Q were 
lly 1:5 before ;amplific*Mlon witfi ihc oppropnotc primeri. The p-acUn 



diluted M-^.w <^ I «^ vfr* imi.it Mi« appmpnn^^ primers, i nc p-acUH 

stAodard curve w«v usod lo norrn;i!i>o the results of /I lo 1 00 f ly of genomic DNA. 
(0) The amouni of prSTM present p<:r 100 ng of fjenomic DNA, 



of ?;.in>pk'. Tbcroforo!, thr |v>U*nti4i] for TCU coji- 
tarn I not ion in the laboratory is rcdticc<il bccftUNC 
ampllflvJ pruduclK can liv. siiinlyvcd and disponed 
of witljont opening tJu* ruucti^m tube*;. Second, 
Chii method siippoiU um? of ii tiorrii;i1]xii1]uiJ 
|{cne (i.c., P-flcim) for quanihalivc PCR or house- 
keeping gene-s for tju*in(itOt»vc RT-l'CK controls. 
Analysis Js perfonncO ijj real time durliig the iog 
phase of product accumulation. Analysis during 
K*K phase permits many different jjcnes ^over 
wide input target range) to he analy>rd simuiia- 
neou.sly, without concern of rcttchiug rcniiton 
pliiieau at different cyclca, Tim will make ijuilll- 
jj^cnt: «na]y$S6 assays much CAAivi \\t develop, be- 
cause individual mtcrnd uiinpvtUui^ will uin he 
needed for coch ge-nc xindcr anoly»b. Tliird, 
sample thfoughpwl vviU invica>c OitmiaUcany 
with the new method because: there is no poM- 
]*CK proccrislng time. Additionally, woiking hi a 
^J6-wclI fnnnat l« highly ct^nqmtible with auto- 
million technology. 

The real-time method 'm> highly reprr*. 
dueiblv. RcpHcatc ainpilflcations can be auuly^cd 



for each s;imple nUnlini;;hig j)otcntlcU <fri^^Jr. The. 
.syslitiTi ;il lows' for a very large a*isay dynainU: 
range (a]iproachii)g l,OOO,()(>0-fc>ltJ Majlhig tai- 
get). Uwiiig u Niaridard curve for the. torget ol iii- 
tcrvM, rcJutlvc cor)y number vajuex can \)tt deter- 
mined for any unkjiuwn Nam pic. Fiuore^scent 
thrcsiiokl voJucs, Cp coneJair. linearly with rela- 
tive DNA copy numt>€rs. Ileal tunc quaniUaiive 
in* rCK methodology (Ciibwn el al., dils \%niu*) 
abo been developed, finally, real time qii^n- 
titativc PCU methodology can be used it; develop 
high-throughput wrccnlJig afl.iayA for n variety of 
applications fquaiitjtflllvc gcn<: CApjv:&&iuu (\K\- 
rOI^), gene copy n.i«iay» <llcr2, HIV, etc.), gcno- 
lyplrig (kitockoui mouse. analysU), and ]mmuiii>- 
>CU]. 

kcal-thne PCU may al.w Ik: j>t:rforrn<t^l using 
infercujlating dyo.fi (HIguohi cl ul- WX?.) such as 
ctJiJdium bromide. The fluorbgenic probe, 
method offers a mafor advantage over inter- 
rata ting dyes- greater Kpcciflcity (i.e., primer 
dimers and nonspedfic PCR products art: not de- 
tmed). 
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MtTHODS 

Generation of <i flasmid CcnUlnlng a Purtlal 

cDNA for Human Factor YIll 

tvVM RNA vr<(> harvcMcxl (UNA>'.<'** » Tcsw Inc., 

hncndswood^ TX) from i»*»iwfe<u»<l wUh n Jactur Vlll 
t-KjircMsrluji vector, pC:iSZ.lk'?.^i) (Kuion c! Jil. lyHO; doi'« 
nifln cl al. l^OO), A factor VIM |>arlUt tl»NA ^rf^pirutv WAS 

^/•fUTAua by in* l»r:u KioocAmp U/ t'nii itNA t»r:u 
(pan Ntt(>K-(nvy, I'h Appl"**) biosyMcmj;, I'osivi <;Hy, Cw^)J 

aro shown below), '('Jii* ainpUcoii w.is rcani]i)ifirtl aslnfi 
nuHlifK-tl I'tHfOf and l^tJrcv primers (ap|X'iulf<l with huttilU 
and ////rcini restriction .sire st*quenccs mi iJtv h' ciwi^ ihuI 

resulting cif>nr, pPSTM, was awti lor trhnsicni transfccilon 



Amplification of Target DNA <nul Dultcilon of 
Amplicon Faclor VII! j'lasmid DNA 

(pKHTM) was <iinpnfu:tl wUh l)ic («ii»K-(> VHfur 5'-<X;<;- 
CrrCKICAACjAUJtJAC^ilCiTC.^' anct Mt^rc-v .S'-aaa<:c;t- 

i:AOC;<rroc5A'JxarrAc*;Ci..'^'.1lic ivmciUui j>/vOutrvi «i 
|JI> i'C:k fuociiici. 'J'hc forwiinl jiriirivr wah iK*>l);iiv(1 to lo.* 

rejjlUM of tht: iwieiil tKJi:i2,tK25l> |iIcimii'uI (iihI ihurcfo/c 
cUk'S tju( ivv»ih'jI^*«>* 4iM^ rtinpllfy tlic liuuiao f<ftctor Vlll 
jjviKs Prunorfi woro chojiun with tUo «v!ti?^;tnf cV>r lhi« coin- 
jmlcr f>ro>;i'iim Oli^o (NuUcmul UUmScnccs, Inv„ iHy. 
mouth, WN). The human p-acthi ^j^nv whs, amplified wUh 

lUc piliiicrs fi-m til* AjrwnrU jiriincr ^ ' *rCACCXVk<'-A< ri'tlT 
GCCCATCrAC:c;A-3' and fi-actijj xcvcrse piio^or A'.CAC;. 

C00AACC:0fri'<:An<;<:cjiVA*j*GG-3'. The reacilon pro- 
aucco a 295* hp rf:u pmdua. 

Ampllflcailon rcaciions (SO fjui) cojnHiiU'd a DNA 
sample, JOX r<;K Uuff*ir II (6 p-l)^ 200 dCVV, 

dGtr, .vi<i /loo JIM dirrp, 4 im^ m^ci^, i.zs umn Ampn 
TiH) ONA polymciaac, 0,5 unit AinpKrnsc uracil N-«ly- 
wwyluw <UNO), 50 pinolv of cnch fttcloi Vlll jirJiiwi, tirid i£ 

one of the following OtMcctl'iH probos (WMI hm rnrh): 

i^Hj»rMb<- A'(i/AW)Ac:^rj*frj'f;f:A(:tyr<ifrn'<yi''nx:Tcn'- 

GCCTT(TAMRA)p 3' Aud p-ntiin pr<>l>c .V (FAM)ATC;(X:c;- 
X("J'AMJU)CCCC:r:ATCCCATCp-.T wlicrc p irtdifaies 
plm.-iphnrylAn<%rt nnd X hidlcotcs a linker arm nucleciiidc. 
Reaction IuIht^ w«Tt* V1i't:rt>Aft\p Opiii'^l TiiIka (port AU/Tt- 
hcr NKOl OO.'l.H, PcrkJn Ulniur) tlial %vofC /rOKUKl (M( IVr^;lii 
ninicr) lo prt-voiil light /rom /cflcctlaj;. *l\«hc copi w<*rc 
simiK^iv irt MitfoArtip c;np3 bill Specially dMiftncd lo pro- 
Yciit ll^hl »vu<K*rMi5* All u\ XKWK dUnwiiirnlil^ti'* wcro 
|/l;i.tU 1>y PIC Applied lUo^y^icniti ()^>*U*r ClUy, CA) cxccpl 
the factor Vlll priiutfra, wJilvh wru* ?iyr)«lic^|y.ed iU Ce?ivn 
iccli, Inc. (lioutl) 5tt»t rr4incls<x*| CA). I^rohcs wit** dc-sijiiifd 
u^lng the Oligo 4.0 Aoflwarc, folU'Wlnj; gtitdplhiov 

gC5ioa in tnc MoUd 7700 .sequence lH't<rU>r lii.viiu*iu-jil 
manual, briefly, prtJbt- T„ ^htmld hs- ai Jcasl 5*'C ))lf»lirf 
ihail rht* annwihuK itruipi'Mlurc: ua«I during; (hrfmul cy- 
rhng; primers shovhl iiut Xviin Mdhlv duplexed with the 
pfohr. 

The tlicnjj<il i-yrllng cuiiditloivs Jnr)udvU 2 jiiln a( 
5U"("- and 10 niin al 95"C. 'Ilica-iiial cycling profrr<3rd with 

9ora 



roaciioiiK wore ixjfloxnK'd i»» th<» Moflol 77(UKSrqucnCT Dv- 
Unior (rU Apphcd Ului;ysU*uiw), wJhlrli conulm :* C-dv - 
Aujp lU';k SyMttni J^WO* UoaUlon ctnitlitiOM^ w< rf pio. 
gruMiniLXl un .1 I'uwgr Mflciiitti»1i '/1 0(1 (Apple CompiMor, 
?;ama Clara, c:a) linked cU^'oly to the Model VVfirt .Si'- 
quciKV iHilffclor. Anwly^u itf data wni- nUo p/Tf/»ori*'H on 
lUv MmltHosh eompuicr. C'^llnetlou and una lytic cnf(w;Ko 
w«K devcl^iiwl M l»K Applied nio^Jiiwms. 



Traiwfection of G:ll$ with racior VIII GMutruci 

IVmr 1175 flaskfc of 293 ceils (ATCC CAW. 1573), n human 
fciol kidney KU(*pvnAion cell line, wvre h""*'* l*' fiO'Mi con- 
lliu-rivy A Ad transfctlcd pt'KTM. C'clb wcro ^nmu In tlio 
follnwhi^ tncdln; S0% H/\M^ HI 2 without Glfl', 50% low 
glucose JHiJI>c<xwi'!( fntjdifirri Fuj>{Jo inediuni (I^MI'.M) wlUi. 
out ftlycinc with sodium bicitrhdiiatc, 10% Ictal In > vine 
scrum, 2 imm i.-^lulduiii)c, (>nri 1% penicilHn-slrcpioniy- 
wliit 'I'hc medio was v:h«nf(cd 30 mln l^cf^*"* llic IranKfoc 
lion, prOTM DNA amounta of 40, 4, 0..^, and 0.1 ^^ro 
i»U(if.'<i h) l,A ml of ft sohitJtMi conialnlnj; m CmCX^: 
i»nd 1 X MC'^'li5. The four mixhjrt'n were lefl at rc>o)n ti-m- 
I-Hr.nitijri' U»% in mln and ihcii iicKK**! Hi<ttj>wlftc> to the colli'. 
Tliv a*i>kN wviv wit.uUlod nl 37%: a/vi 5.% < :0. fnr 24 hf, 
wnithcd with PUS, «iiici roAurtpcndcd In PUK. The rcstiM 
jAMiditd ccrlLi were divided into ttlupiol^i ufid DNA wAd O'- 
tT>u:ted Inintcdlulcly iwinK thvQIAu/np KhiKti Kit (Ql^fj^n. 
(Uiat.'iwvrth, <.:A), DMA won eJiiled Into 200 ^\ ol ?.0 i..w< 
TrU-IICI ut pll 



ACKNOWLEDGMEMTS 

We thank. Gen en lech's DNA Jiynthe^siN (Jruup for primtr 
nyntticKiN and CienL*iit<.<ii*s G/apJiirs Crntip for asslsianco 
with the iijjureii 

'VXxft pul>JlCAtlnn rfwrt nf 111 In ttriicle were defraytx! In 
p»n i>y paynienl of pa;;e cJiari^etf, TM-^ ;ictirle niuM there- 
fore he hereby tnurkcd "advertisement" in jicu;or<liifut! 
with 18 \.\^\ Miction r/M jolcly lo Indicate This ta(i. 



REFERENCES 

(i;4i;iilt-r, 1 1-A., S.J. l-load, K.J. I.lvafc, J. Marinaro, H. Kiu.n, 

ana c:.A. Halt. iyV3* Wm-. of a fluoroj^cnic prolK- In a 
l*Cl^-Lia:;^-a assay lOr me ceiernon of IJsicrla 
ninnocyiogeries. A;>p* l^ttvUoiu MU^tt/IM. Al: fl72'4-»'1720, 

Ili Lkci-Andre, M, <iuftnllimive cviiiuniion of 
lllMMA li!VfIj», Mcr///, Mi//. <:vW, /JA^A 2; 109 ?.0), 

<.:tciMr(itl, M,, S, Menw, P. lUtjimivlU, A. Maithln, A. 
Vul4</<>>^, <tMd P.R. Vartiido. K^U.I. QuitnliUlwc- PCIl Ajid 
»iT-l'C:K III vir^iluKy. jnevU-.w]. IH'M hfciiunis Attfitk;. 
2; 35^1-tO(i. 

r^oiuior, K.I,, 14. Mv»Jnl. V. Tjio, and 0,1). llo. lOCH, 
Incre^iied vhrtl htJi^en and cyloputiiicity CofCAlflto 
lcnip<»r«l(y wHh CX>A ♦ T-lyniplioeyie dftdlno and 
tllnkrtl prc»y,r*'»j»ieiM in humon immnnmleficicncj' vimK 
ty|w Miiftxlcd jridivid«ol.v A Wn?/. 67: \ii7^rm. 

T^ainn/D.L.. W,l. Wood, D.'Eaton, IM'.. Mass, 1\ 

09i. ef^e ivd oo;st soos/so/st 



From : BtIL 



PhioNE No. : 310 472 0905 



Dec. 05 2002 12: 26AM P19 



HHD 11 AL 

venaT, i*u<\ <\, (ionium. li»tto. t Xni.M.uctioi i und 
chafflCt^Tl/JiTKni of an r.« l^ c loclor VUl VAflflnt bt UJiiK 
Ihc ccntrni one llnrd of Ihc Uiulcaib, nUtrhe^ntistr}* 

Ifasca MJ,. C:j*. 1'rranor. 5. Sj)ivaclc il.U Mggc, U.s. 
KamimKy. 3995. Q\i3iiiiiaiivc j«NA-jM>iymcr;<M» rhaln 
fr<»cti(>n-PNA analysis by c«|iJll;<ry vUn^lidph^^rMta niul 

*■ 

Fofic, li. iyV2, Quantit;itivo nr sMiii-guttUtlUUvc (*c:K: 
K«aUiy vcrsuji myOi. rCJ< MctUtKh Appiic, 2i 1-9, 

lurUrfo, M.1U i_A. Xiiic^i^'V, Aurl S.M. WciHnsky. 
rJwiiRo In ibc vImI inUNA PHprrAsInn patlcni w/fCldtO 
with a MpW Mtc Df Cn4 4 IVcdl numlic^r rirr Ihir Ui 

CilwM* U.U^M., C.A. Huitl, »iiit P.M. WIIH.111I*. W6 A 
novt l inclKod for rwtl limO qtUtltStatlw <NSinpoilllv4» 

CM-. n.U. Glei »l)<l t!. McCray. i*>i?0, 
Tiuik.'.tent prodmrlion of prolcliH iisint .'»n Arl^tKlvt^l]X 

IrriOAfoimcd ceil liiir. /JWA /»mr, itj;vi", /^f*;!. 2t 3 10, 

liigutiii, i^, iJt#lltii^cr, P,S. WiiUli, and II. OrUfiOi. 
lyj^?.. SUnuUanccnis «ntt>IUu:aUon and Jot^i^tlAn Of 
siK-clflc UNA MUiucnccJ, J)ioir<^iitutajiy IO1 ^1^1 417. 

MOllanO, J'.M., R.IX AlwJtHVlon, R. y>/MM.»\, and 
GvlfHiiU. 199]. litrKfCilon of aiH< !flc* polyim.^:**' rhnln 
a*action puiUucv oy unllyJfifi 5' — V cx«nvivlvHM' 
iitrtiviiy of rlK:riiiu> i(vjii(itU,u^ UNA ^H>Iyiii<:r<iiC. i^/xx', 

Hunng, M.Q. Xiao, TJ. Kielne, (.;. I'atiuiu, li.Ct, 
M,v.sh, L.M. Mchlenstrin, ftiwJ M.C nu. IMOAa. 11^13 
expression til tho- sllcs ot nlliTgen chalkng** »» pallciit? 
Willi astUmAi /. hwnufh 155: 7-f.Rft-2694» 

HuauR. S,K,, M- Yl, E, l'»I/iicf, and D.c;. Ma/sh. 199St». A 
tldiiiinaiii T cell rcccpiur l>c(fl.<hajTi in rcspcMisc to n 
slion rf*gw<-fU allcrsen, A"ib a 5. /mmim. 

lft4:61S7-C*ICZ* 

KcllopR. U.t,, JJ, SiUiwky, and S. Kowlc 19SU. 
Qu«i#»lUulion of niV.l imwiml DNA rnlalivO lO COlluUr 

UNA by tlie polymerase chain rcaciion. AnaL niacJKm. 
1ft9s202-20B. 

L«e. J-C;., C.K. Cooiidl and UlocI), 1903. Allolic 
^ dUcrMxliiaiiuu by nlck-iranal«Utnj I'CU with fhiurogonlc 
pwla^ Nucleic AcidK H^, Zl; ^7^-9.766,' 

lAvdK KJ., SJ. Flood, J, Miiniiiiro, w. iixmXh and k. 
Oecu. 1995a. OUgonucU-olicks wUI^ fluorc^sccTii dyes av 
oppoxilc ends provide n quouc^cd protie system u.Nftful 
for lUMct-Un^s 1*CR pn'iducv ttnd wwfMv M\i\ 
UylnHHwirloii, hicthoth 4i 3S7 3C2. 



Tully outom;»ttv) grnnmo-widr |>olymorpi»lM" .«-jconini; 
ll.cttcrl Naiur<' (inuH. 9i M -MX 

Mulder. N. M^Klnncy, t:. t:hnstophci-vin J, Sniiisky, 
1.. UiwnfiCirt, And KwoU- !U,>M ;»nd Miinplc JK.^)l 

ftiir qu*MH*<»on of human Immtninfloflrloncy vims 
lyiv I UNA in pUswa: Applit-alion to aoitc rctfovir^l 
infection. ) CHn. Mirmbiol. 32: ai^- 

JMn^^, S., Y. Koj-unagl, H. Mlh% C. WUoy. Il.V. Vlnim, 
tiMi\ \S. C;U«i. r>0o. niRli JcvoIb of unl»lci;^'»i'*fi HIV-1 
DNA in hnin iLssitcMf M^S dementia padViiis. NnUnr 

I'UIOK, MJ„ KA;. I.uk, l». Wini«...N -nd J.JV l.lf.iun. 

lyy.ia. t^uantliailve ajniiHttiiivu jA^lymcrase chain 
rxNuiion lor aaurmi: quaniUaiJon "i inv DNA <nid HKA 
si>eclcs, Hiii'Vrt'hiuqms 14; yo-ftl. 

ICC:. lAJk, W.tt. HHnti, tS'.M, Minw, arid J.l->. Ur»oii. )'>OMIj, 
llii**! levels 01 Hiv-i in pliJ&nw.oumig all sto^^ei «»r 
inttxlion ciciermnitul by comperiiWe ix:r ^co 
5<"/<MKr a.^^i 1740-1754, 

Hiud'huiiiuu'/ W.n. Kono, and AJS, *Jtjcofilf»p"ui<»^. 

Quanm«1*vi* polyinerii^f dwia rCflCllon analysb 
Trv<.-»iH marked tivcrcxprwition of intftrlcukln- 1 Uin, 
inierleilKin-l and lnlLTfejyn i;nMiMi« iiiKNA Id ll»c lymiili 
n<]di^ of lupu>-M>^'>**^ tiiii*-. Miv/. ImmuiwK 32: •iO.<;-f;03. 

Hixcymackcrs. I.. IVflf*. A ct^jnincntory "11 proctlcJtJ 
rtjii/lUatlons <i( cmui/ctUivv Y<:\K, Cvttot»c Psvi*^ 

SUa/|*, I'.A., A,I. ncrk. ami S.M. llefj-et. 19K0. 
1'faiiacri)ilicin mups of ft^eoovlruo. Mi^hod^ kti:r.}omi. 
6.*;: ?.A0-7riR. 

SluOU^V I) J., (f.M- Clark, S.C, Wong, W.J. U*viii, A. 
Ulljicn, ami V/.J. MclTaire. J9H7. Uunwn Ivea.M cantxr; 
ajrrelflUon nl u lHpse and survival wlUl ampJiftcvitUHl of 
the IIUR-2/neu oncogene. Selena 2»5; V/'/-182. 

Souihcni, )--M- lyV.S. Uei^\H»on of specific wupiuntx-i 
anions f)NA frngmcnfs separated by K^l elcciropboresis. 

T;*n, X., X, 5un. t -r- Cionawez, und W, H»uc4i. 

and 'nsr Incrcniie liiv j»m.ur*oi* of Nl'-Uppa B pAf) 
in7<NA In mouse Intestine; Q*.;.nnUtlv<*. analysis Dy 
amiJMttUlvc roc JfUt(.hh7L BtOptfy^i. Ac (a 12*5: 157 1 (»2. 

'llioinaN, P.S. 1V8«. Hyl>rldlK«ii<M> ot ik-i>aiurod »NA and 
rrtiiall 1.TNA fiasmciit* trwviafcrrcd U> nlirownuloso. y>rrt.^ 

WlllJ^ifns, <:., Sthwo*, A. KrIrihaafAG, C. Held, H. 
KUUKW, and r.M. Wlllinnn*. 1996. Quantitulivo 
coroiKiuive i-CH: Aii»lr^l* *.i«piUicd pfodncM of the 
HlV.l ficne by i:apillftry oJcctrojjhofesis with laser 
Indticcd riuores^t^ncc dviectior. Anai Hiocimn. (in p^e^^). 

X«^<ivci /l/flc % t996; iicccpted in raised form July 29. . 
199C, 



HOWH 



091 eve XVd TO:ST 



Proc. NatL Acad. Sci. USA 

Vol. 95. pp. 14717-14722, December 1998 

Cell Biology, Medical Sciences. 

WISP genes are members of the comiective tissue growth factor 
family that are up-regulated in Wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors 

Diane PENNiCA*t, Todd A. Swanson*, James W. Welsh*, Margaret A. Roy*, David A. Lawrence*, 
James Lee*, Jennifer Brush*, Lisa A. Taneyhill§, Bethanne Deuel*, Michael Lew^I, Colin WatanabeH, 
Robert L. Cohen*, Mona Melhem**, Gene G. Finley**, Phil QuiRKEtt, Audrey D. Goddard*, 
Kenneth J. Hillan^, Austin L. Gurney*, David Botstein****, and Arnold J. Levine§ 

Departments of 'Molecular Oncology. tMolccuJar Biology, 'Scientific Computing, and 'Pathology, Gcncntech Inc, 1 DNA Way, South San Francisco, CA 94080; 
**Univcr3ity of Pittsburgh School of Medicine, Veterans Administration Medical Center, Pittsburgh, PA 15240; I^Univcrsity of Leeds, Leeds, LS29JT United 
Kingdom; «Pcpanracnt of Genetics, Stanford University, Palo Alto, CA 94305; and « Department of Molecular Biology. Princeton University, Princeton, NJ 
08544 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-l and WISP'2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-l, but not by Wnt-4. Together with a third irelated gene, 
WTSP'3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (() C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repress ible promoter, and (ii) Wnt-1 transgenic 
mice. The WISP- 1 gene was localized to human chromosome 
8q24.1-8q24 j. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSK-3P) resulting in an increase in 
/3-catenin levels. Stabilized ^-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
^catenin levels (9). APC is phosphorylated by GSK-3jS, binds 
to )3-catenin, and facilitates its degradation. Mutations in 
either APC or j3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, XnrS, a member of 
the transforming growth factor (TGF)-^ superfamily, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwn\ and siamois 
(2), A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based .cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA • 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnl-1 in this cell line is sufficient to Induce a 
partially transformed phcnotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phcnotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP'2, and a third related gene, WISP-3, The W75P genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778. AF100779, AF100780, and AF100781). 
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cDNA was synthesized from 2 ^ig of poly(A)'^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 /xg 
of poly(A)'^ RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP- 1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-I 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WISP-I were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISPS were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 fiM of each dNTP at 
94''C for 1 sec, 62°C for 30 sec, 72''C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. ^^P-labeled sense and antisense ribo- 
probes were; transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-I or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP'2, All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma). SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma- cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR, Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2(A«) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with' ' normal mucosal RNA. The 
a-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The WIS P-speciric signal was 
normalized to that of the giyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and mSP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match, To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-I and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnl-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B), Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on p-catenin levels (13, 14). Expression of WISP-I was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-I gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-I mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-I were isolated and the ' 
sequence compared with mouse WISP-I. The cDNA sequences 
of mouse and human WISP-I were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of «-40,000 (Mr 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 2A). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of «-27,000 {Mr 27 K) (Fig. 28). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 

C57MQ 



Parent Wm-1 Wm>4 ' 




Fig. I. WISP-I and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WfSP-1 (A) and 
lVISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. PolyCA)"^ RNA (2 /ig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse W75/*-7-specific probe 
(amino acids 278-300) or a 190-bp If75/'-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human iVlSP-1 (A) and mouse and human mSP'2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISPS, To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WlSP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354raa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
' human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and^32% identity with WISP-3 (Fig. 3/4). 

mSPs Are Homologous to the CTGF Family of Proteins. 
Human WlSP-1, WISP-2, and WISPS are novel sequences; 
however, mouse WISP-I is the same as the recently identified 
Elm I gene. Elm I is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP'2 are homologous to the recently 
described rat gene, rCop-I (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-^ (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. AH are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3, {A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. {B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot, (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerizatiori and receptor binding (26). The CT domain is 
present in all CCN family members described, to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transrnembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown).. 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WlSP-l expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig, 3C), 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-l had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetaJ 
lung. Predominant expression of WISP'3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-1 and WlSP-2. Expression of 
WISP- 1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP' J was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP'I expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WfSP-I, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-} expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP- 1 ^ however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H, At low 
power (£ and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (C and H). 
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the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels, WISP-I is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-m>'c (28). Preliminary fine 
mapping indicates that WISP-I is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-26ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1.000). WISPS is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-I resides in the same 
general chromosomal location (8q24) as c-m^'c, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-m^c locus. 
Genomic DNA from human colon cancer celi lines was 
, assessed by quantitative PGR and Southern blot analysis. (Fig, 
5 A and B). Both methods detected similar degrees of WISP-I 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myCy 
indicatinjg that the c-myc gene is not part of the amplicon that 
involves the WISP-I locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PGR (Fig. 6). The copy number of WISP-I and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-I in about 60% of the tumors and 2- to 4^fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (f = 
0,166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig, 5. Amplification of WISP-1 genomic DNA in colon cancer cell 
lines. (A) Amplification in ceil line DNA was determined by quanti- 
tative PGR. (5) Southern blots containing genomic DNA (10 ^g) 
digested with £coRI (WISP-l) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-I probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000), The WISP and myc geneS are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic ampiification of iVISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PGR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PGR (Fig. 7). The level of WISP-I 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-foId overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WlSP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-S RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7, WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-J ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and* 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP- 1, IVISP'2, and WISPS, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
• to Wnt signaling. 

Two independent experimental systems demonstrated that 
MSP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly, 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., /3-catenin-TCF-l/Lcfl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through j3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-;3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WlSP-1 and WISP-3 may exist as dimers, whereas WlSP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin ayjSj serves as 
an adhesion receptor for Cyr61 (33), 

The strong expression of WISP-I and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
- tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-)31, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-I and WISP'2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply.WISP-1 and 
WlSP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WlSP-l 
and WISP'2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WlSP-l gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WlSP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-l DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
W!SP^2 was localized to chromosome 20ql2-20q 13, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon, 

A recent manuscript on rCop-l, the rat orthologue of 
WlSP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP'2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WlSP-l 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and )3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WlSPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISP^ as genes that may be regulated down- 
stream of Wnt-1. in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK w?re dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell-proliferation assays were 
done essentially as described'"'. Briefly, after antigen pulsing CiOfigmP' 
TTCF) with tetrapeptides {l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% gluiaraldehyde. Glycine was added 
to a final concentration of O.IM and the cells were washed five times in RPMI 
1640 medium containing 1% PCS before co-culture with T-cell clones in 
round-bottom 96-weU microtitre plates. After 48 h, the cultures were pulsed 
with 1 jjtCi of 'H-thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 jig TTCF with 0.25 ^g 
pig kidney legumain in 500 \x.\ 50 mM citrate buffer, pH 5.5, for 1 h at 37 "C. 
Glycopeptide digestions. The peptides HIDNEEDI, HIDN{N-glucosaminc) 
BED! and HIDNESDI, which arc based on the TTCF sequence, and 
QQQHLFGS^A^^DCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C- terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography". Glycopeptidcs corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin - 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30**C with 
5-50 mU ml"' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spearometry using a matrix of lOmgmP' a- 
cyanocinnamic acid in 50% acetonitrile/0.l% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed ceU death) in 
target cells through the death receptor Fas/Apol/CD95 (ref, 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily^. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3), The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig, la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine- rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)^ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium,, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig, lb). We detected a predominant l.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and. lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected, with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). PcR3-Fc showed a significant increase in binding to 
cells transfected with FasL* (Fig, 2a), but not to cells transfected with 
TNF^ Apo2L/TRAIL**', Apo3L/TWEAK"^ or OPGL/TRANCE/ 
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RANKL*°~'^ (data not shown). DcR3-Fc immunoprecipitated ished 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRl. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K^ = 0,8 ± 0.2 and 
i.l±0.lnM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the. effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
--0.1 pLgmP*. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results", activation 
of interleukin-2 -stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes' '^"'*'. Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from -^65% to 
—30%, with half-maximal inhibition at -^1 pig ml"'; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL". 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of xhe 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4). and the A/-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
usirig the DcR3 cDNA as a probe and blots of poly(A)' RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL. peripheral blood 
lymphocyte. 



Rgure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding fuit-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area). TNFRl -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE, phycoerythrin- 
labelted cells, b, 293 cells were transfected as in a and metaboiically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFRl, DcR3 or Fas. 
c. Purified soluble FasL (sFasL) was imriiunoprecipitated with TNFRl -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d. Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag: e, Equilibrium binding of DcR3-Fc or f as-Fc to sFasL-Flag. 
Inset competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PGR)'* in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18- fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PGR primers and probes; we observed nearly the 
same ampHfication (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c, DcR3 mRNA was localized to infiltrating malignant epithe- 
Uum, but was essentially absent firom adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequendy in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is fiinctionally relevant, then 
DcR3 should be ampHfied more than neighbouring genomic 
regions that are not important for tumour survival. To test this. 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM2 18xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAG) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAG, and of 
seven genomic markers that span chromosome 20 (Fig, 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcRJ; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-family members; however, this does not rule out the possi- 
bihty that DcR3 interacts with other hgands, as do some other 
TNFR family members, including OPG^''*. 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas^°. A second mechanism involves proteolytic 
shedding of FasL from the cell surface'\ DcR3 competes with Fas for 




Time (h) Inhibitor {^g ml-i) 



Figure 3 Inhibition of FasL activity by DcR3. a, Human Jurkai T leulcaennia cells 
were incubated with Flag-tagged soluble FasL (sFasL:.5ngml"') oligomerized 
with anti-Flag antibody (0.1 ^.g mP') in the presence of the proposed inhibitors 
DcR3-Fc. Fas-Fc or human IgGi arid assayed for apoptosis (mean ± s.e.m. of 
triplicates), bjurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a. in presence of i jig ml"' DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGi (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and interleukin-2. 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGi. Fas-Fc, or DcR3-Fc (10 M.g mr'). 
After 16 h. apoptosis of CD4* cells was determined (mean i s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with ^'Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGi (triangles), and target-cell death was determined by 
release of ^'Cr (mean ± s.d. for two donors, each in triplicate). 



a b . d 




Figure 4 Genomic amplihcation of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d. f, g. h. j, k. r), seven squamous-cell carcinomas (a. e. 
m. n. 0, p, q). one non-small-cell carcinoma (b), one small-cell carcinoma (i). and 
one bronchial adenocarcinoma (I). The data are means ± s.d. of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
re'presentative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over inhltrating malignant epithelium (anowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcB3 compared with amplihca- 
tion of neighbouring genomic regions (reverse and fonrt/ard. Rev and Fwd), the 
DcR3-linked marker Tl60, and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplihcation of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-l has been 
described^'. In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL- related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG^ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcRl (19%); OPG functions as a third 
decoy for Apo2L''. Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response^ Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifescq™ (Inq^e 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PGR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generatcd probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadheslns). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFRl. was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". . . . 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL^ (2 jig), together with pRK5 encoding CrmA 
(2p.g) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin-conjugated 
streptavidiri (GibcoBRL). and were assayed by FACS. The data were analysed by 
Kolmogorov-Sniimov statistical analysis. There was some detectable suining 
of vector- transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutiyely on 293 cells. 

Immunoprecipitation. Human 293 ceils were transfected as above, and 
meubdlically labelled with ("Slcysteine and (^^S|methionine (0.5 mCi; 
Amcrsham). After 16 h of culture in the presence of z-VAD-fmk (lOjiM), 
the medium was immunoprccipitated with DcR3-Fc, Fas-Fc or TNFRl -Fc 
(5p.g), followed by protein A-Sepharose (Repligen), The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji B AS 2000). 
Alternatively, purified. Flag-tagged soluble FasL (1 jxg) (Alexis) was incubated 
with each Fc-fusion protein (I jj,g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody ( 0 ncogene Research ) . 

Analysis of complex formation. Flag-tagged soluble FasL (25 ^g) was 
incubated with buffer or with DcR3-Fc (40 |ig) for 1.5 h at 24 "C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were coUected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 fil aliquots into micro titre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc. 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble Fast homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti -human 
702 



IgG, blocked with 2% BSA in PBS, DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AlCD. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltcnyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 p-gml'') for 24 h, and cultured 
in the presence of interleukin-2 { 100 U ml"') for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4* ccUs^V 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with *'Cr-loaded Jurkat cells at an cfFector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of ?'Cr in effector- target co- 
cultures relative to release of ''Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR'* 
using a TaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (Hkelihood score = 5.4), SHGC-36268 (T159). the nearest 
available marker which maps to —500 kilobases firom T160. and five extra 
markers that span chromosome 20. The DcR3-spccific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACOG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2*^*^\ where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes'. The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £. coli 
proteins is composed of ABC transporters^. Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
thfc P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide -binding domains (NBDs). which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fiised into a single polypeptide chain. The 
periplasmic histidine permease of 5, typhimurium and £. co/i''^"* is a 
well -characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane -bound complex, HisQMP2, 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM*. The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis^ the requirement for both subunits to be present for 
activit/, and the formation of a HisP dimer upon chemical cross - 
linking. Soluble HisP also forms a dimer^ HisP has been purified 
and characterized in an active soluble form^ which can be recon- 
stituted into a fully active membrane-bound complex". 

The overall shape of the crystal structure of the HisP monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded p- 
sheet (P3 and p8-p 12) spans both arms of the L, with a domain of a 
a- plus p-type structure (pi, p2, p4-p7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3r-a9) on the 
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Figure 1- Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm il is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The (3-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I. as shown in a. towards arm II. showing the ATP-binding 
pocket a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These h'gures were prepared with MOLSCRIPT^. N. amino terminus; C, C 
terminus. 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAIN REACTION USING 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccnd^ and 
erbB2) in breast tumors. Extra copies of myc, ccndt and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1998. 
© 1998 miey-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et aL, 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ ( I Iq 1 3), and erbBl ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc. ccndl. and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Bems et aL, 1992; 
Schuuring et aL, 1992; Slamon et aL, 1987). Muss et aL (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et aL (1987) between 
eri>B2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
^g/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerfiil tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage rumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard cup*f&is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et aL, 1996; Heid et 
aL. 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et aL (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic Hybridization probes (Lee 
et aL, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA {i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 



Grant sponsors: Association Pour ta Recherche sur le Cancer and 
Ministere dc ]*Enscignenicnt Supcrieur ct dc la Recherche. 



•Correspondence to: Laboratoire de Genetique Moleculaire, Faculte des 
Sciences Pharmaceutiques et Biologiques de Paris, 4 Avenue de 
I'Observatoire, F-75006 Paris, France. Fax: (33)1-4407-1754. 
E-mail: mvidaud@tea.scr.fT 



Received 2 May 1998; Revised 30 June 1998 



662 



BIECHEETAL 



cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye {i.e.. ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real -time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et aL 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why C, is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of Q 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr^ 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors {myc. ccndl and cr6B2), as well as 2 genes {alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included In this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The paraiheter C^ (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e.. lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3. in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et aL. 1994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 



N - ■ 



copy number of target gene (app, myc, ccndl, erbBl) 
copy number of reference gene {alb) 



Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DN Agency (Malvem, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et al. (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
rig of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/^l. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging fi:-om 10"' (10^ copies of each gene) to 
10"'^ (10^ copies). This series of diluted PCR products was 
aliquoted and stored at -SO^'C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 pi) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
lOX TaqMan buffer (5 ^I), 200 ^M dATP, dCTP, dGTP, and 400 
^M dUTP, 5 mM MgCl:. 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 mi n at 
SO^'C and 10 min at 95'*C. Thermal cycling consisted of 40 cycles at 
95**C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10^ to 10^ copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data arc 
analyzed automatically. The software accompanying the 7700 
system calculates Ct and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 



RESLTLTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples ft"om some of the same patients. 
The target genes were the myc, ccndl and €rbB2 proto-oncogenes, 
and the p-amyloid precursor protein gene {app)^ which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai, 1994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/(il. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alh gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10* copies or as 
many as 10^ copies. 

Copy-number ratio of the 2 reference genes (app and B\h) 

The app to alb copy-number ratio was determined in 18 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin (aibj gene dosage by real-time PCR, Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10^ (A9), 10^ (A7), 10^ (A4) to 10^ (A2) and a no-template control (Al). Cycle number is plotted v^. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. Ct (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs, Q (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 21q2U2; alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et al. 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary' breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confinned that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and erb52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in ** Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for mvc; 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndJ and 0.6 to 1 .3 (mean'0.91 ± 0. 19) for er6B2. Since N values 
for myc, ccndl and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erb52 gene dose in breast-tumor DNA 

myc, ccndl and er6B2 gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of er6B2 (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for er6B2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table 11 represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbQl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erb^l in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbWl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl), No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern -blot analysis 

Southern-blot analysis of myc. ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors, A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N ^ 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ised and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erbBl GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 




myc 


0 


97 (89.8%) 11 (10.2%) 


0 ' 


ccndl 


0 


83 (76.9%) 17(15.7%) 


8(7.4%) 


erbBl . 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cyiopuncture 
specimens or fonnalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et aL, 1 994). First, the real-lime 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNO) 
(Longo et al., 1990), The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starling amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on Cj values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables Ct to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the Ci value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). It) 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Ci ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
eni blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et aL, 
1996; Slamon et aL, 1989). However^ FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (/) Chromosome regions 4qll-ql3 and 21q2l.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et aL, 1994). (//) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et aL, 1 992; Borg et aL, 1 992). (Hi) 
The frequency and degree of myc arnplification in our breast tumor 
DNA series were lower than those of ccndl and erbB2 amplifica- 
tion, confirming the findings of Borg et aL (1992) and Courjal.e/a/. 
(1997). (/V) The maxima of ccndl and erbBl over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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Tumor Copy number Copy number 



T118 



27.3 



4605 



26.5 



4365 



T133 



23.2 



61659 



25.2 



10092 



T145 



22.1 



125892 



25.6 



7762 



Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: TU8 (E12, C6, black squares), Tl 33 (G 11 , B4, red squares) 
and T 1 45 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Bems cr fl/-, 1 992; Borg e/ a/„ 1992; Courjal 
aL. 1997). (v) The erbBl copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et aL, 1995; Deng et aL, 1996; Valeron 



et aL, 1996). Our results also correlate well with those recently 
published by Gelmini et aL (1 997), who used the TaqMan system to 
measure erbBl amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Eimer Applied Biosystems) which only allows end- 
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TABLE II 



- EXAMPLES OF ccndi GENE DOSAGE RESULTS 
. FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




Uccndl/alb 


Copy- 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


TU8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 . 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


nil 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were perfomied and the mean 
and the standard deviation (SD) was detemiined The level of ccndl gene 
amplification (HccndJIalb) is detemiined by dividing the average ccndl 
copy namber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PGR. (vi) We found a high degree of concordance between 
real-time quantitative PGR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(> 5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbBl) observed by means of real-time 
quantitative PGR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PGR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et ai. 1992; 
Slamone/a/.. 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification* Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1 995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PGR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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1. I was awarded a Ph.P. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. AspartoftheTumorAntigenProject,my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of humari cancer and may ultimately 
serve as an effective therapeutic iii the treatment of human cancer. 

4. In the course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 

-significantly higher levels-than^ineorrespondmg-nGrmal^iuman^cells.-^^^^^^^ 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed fi-om these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. Froin the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 




expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have foimd that increases in the level of a particular liiRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that wiWM false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willfiil 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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SECOND DECLARATION OF PAUL PQLAKIS. Ph.D 



1, Paul Polakis, Ph.D., declare and say as follows; 

I am currently employed by Genentech, Inc, where my job liile is Staff 
Scientist. 

Since joining Genemech in 1999, one of my primary responsibiliiics has 
been leading Geneniech's Tumor Antigen Project, which is a large research 
project with a primary focus on identifying rumor cell markers rhar find use 
as targets for both the diagnosis and ireacmeni of cancer in humanii. 

As I stated in ray previous Declaration dated May 7, 2004 (aciached as 
Exhibit A), ray laboratory has been employing a variety of techniques, 
including microarray analysis, to identify genes which are differeniially 
expressed in human mmor tissue relative in normal human tissue. The 
primary purpose of this research is to identify proieins that are abundantly 
expressed on cenain human tumor tissue(s) and that are either (i) not 
expressed, or (ii) expressed at deteciably lower levels, on normal tissue(s). 

In the course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor tissue 
at significantly higher levels than in normal human tissue. To dare, we 
have iiuccessfully generated antibodies tiiat bind to 31 of the tumor antigen 
proteins expressed from ihesc differentially expressed gene transcripts and 
have used these antibodies to quantitatively determine the level of 
production of these tumor antigen proteins in both human tumor tissue and 
normal tissue. We have then quantitatively compared the levels of raRNA 
and protein in both the mmor and normal tissues analyzed. The results of 
these analyses are attached herewith as Exhibit B. In Exhibit B, 'V means 
that the mRNA or protein was deteciably overexpressed in the tumor tissue 
relative to normal tissue and means that no detectable overexpression 
was observed in the mmor tissue relative to normal tissue. 

As shown in Exhibit B, of the 31 genes identified as being deteciably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the mRNA level , 28 of them (i.e., greater than 90%) are also deteciably 
overexpressed in human tumor tissue as compared to normiU human tissue 
at the protein level . As such, in the cases where we have been able to 
quantitatively measure both (i) mRNA and (ii) protein levels in both (i) 
mmor tissue and (ii) normal tissue, we have observed that in the vast 
majority of cases, there is a very strong correlation between increases in 
mRNA expression and increases in the level of protein encoded by that 
mRNA. 



6, Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4-5 above and my 
knowledge of the relevant scientific liieraiure, ii is my considered scientific 
opinion diai for human genes, an increased level of mRNA m a tumor 
tissue relative to a normal tissue more often than not correlates to a similar 
increase in abundance of the encoded protein in the tumor tissue relative to 
The normal tissue. In fact, it remains a generally accepted working 
assumption in molecular biology that increased mRNA levels are more 
often than not predictive of elevated levels of the encoded protein. In fact, 
an entire industry focusing on the research and developmeni of therapeutic 
antibodies lo treat a variety of human diseases, such as cancer, operates on 
this working assumption, 

7. I hereby declare that all statements made herein of my own knowledge are 
true and thai all statements made on information or belief are believed to be 
true, and funher that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section lOOl of Title 18 of the United States 
Code^and that such willful statements may jeopardize the validiiy of the 
application or any patent issued thereon. 
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DECLARATION OF PAUL POLAKIS, Ph.D. 
I, Paxil Polakis, Ph.D.y'declare and say as follows: 

1 . I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currenfly employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joim'ng Genentech in 1999^ one of my primary responsibilities has 
been leading Genentech's Timior Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. Aspartof theTumorAntigenProject,my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentialfy expressed 
proteins *tumpr antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody fhids use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

—4, — — In.the course olthejesearc h conducted bv Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential genie expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely usefiil for the identification of mRNA molecules 
that are differentialfy expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
^proximately 200 gene transcripts that are present in human tumor cells at 

" significantly higher levels-than in corresponding normal human cells. ; To date, we^- 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and nonnal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 
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expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in th6 level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. ^ Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor celt relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in moleciilar biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opim'on that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true aifid that all statements made on information or belief are believed to be true, 
and iurther that these statements were made with the knowledge that willful fsdsc 
statements and the like so made are pimishable by fine or imprisonment, or both, 
under Section 1001 of Title 1 8 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 



thereon. 



Dated: 5/07/0^ 
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ABSTRACT 

GencHc ch^knscs underlie tumor progre&sloo and may lead to caocer- 
specific expression of critical genes. Over 1100 publications have de- 
scribed tbe use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected are known. Here, we performed hlgb-resolotion CGH analysis on 
cDNA microarrays in breast cancer and directly compared copy number 
and mRNA expression levcU of 13,824 genes to quantiUte the impact of 
genomic changes on gene expression. We Identlfled and mapped the 
boundaries of 24 Independent amplicons, ranging in size from 0.2 to 12 
Mb. Throughout the genome, both high- and low*level copy number 
changes bad a substantial Impact on gene expression, with 44% of the 
highly amplified genes showing overexpresslon and 10.5% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests Identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplMkatlon. These 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations. Including the HOXB7 gene, 
the presence of which in a novel ampllcon at 17q2i J was validated In 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpresslon Is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic Urgets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1^6). Despite this progress in diagnostic classification, the molecular 
mechanisms underiying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited. 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therqiies. as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Fig. 1. Impact of gene copy number on global gene expreation levels. A. percentage of 
over- and undercxprcsscd genes {Y axis) according to copy nuroba ratios (X oxu). 
Threshold valuca used for over- and undcrexpression were >2.]84 (global upper 1% of 
the cDNA ratios) and < 0.4826 (global lower 7H of the expression ratios). 3. percentage 
of amplified and deleted genet according to cxprcasion ratios. Threshold values for 
amplification and deletion were >1.5 and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH' (9, 10). However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are atnibutable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cONA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



^ The abbreviations used are: CGH. comparative genomic hybridization; FISH, fluo- 
resccTKC in siiu hybridization; RT-PCR, reverse transcription-PCR. 
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Fig. 2. Gcnomc-wide copy cmmber and expression analysis in the MCF-7 breast conccr cell line. A, chromosomal CGH analysis of MCF-7. The copy number ratio profile (W«e 
line) «ro5» the entire genome fh)in Ip telomere to Xq telomcie U shown along with ± I SD {orange Unes). The Woe* Hortzontai tine indicates a ratio of 1 .0; red Une, a ratio of 0,8; 
and green Une, » of 1.2. a-C. genomc-wlde copy number analysis in MCF-7 by CGH on cDNA microarray. The copy number ratios were plotted aa a function of the position 
of tte cDNA clones along the human genome. In B, individual data points are connected with a line, and a moving median of 10 a<y«ccnl clones is shown. Red horixontat Une, the 
copy number nrtio of 1 .0. In C individual data points are labeled by color coding according to cDN A expression ratio*. The bright red dots indicate the upper 2%, and dark red dou, 
the next 5% of the expression ratios io MCF-7 cells (overexptessed genes); bright green dots indicate the lowto 2%, and dark green dots, the next 5% of the expression ratios 
(undetexprcssed genes); the rest of the observations are shown with biack crosses. Tlie chromosome numbers arejshown at the bottom of the figure, and chromosome bouodarics axe 
indicated with a dashed line. 



sion is most significaatly associated with amplification of the conc- 
sponding genomic template. 

MATERIALS AND IVf^THODS 

Breast Cancer Cell Lines. Fourteen breast cancer cell lines (BT*20, BT- 
474. HCC1428. H8578t, MCF7. MDA-361. MDA^36, MDA-453. MDA-468. 
SKBR-3, T-47D. UACC812. ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Mkroarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (1 1-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and Ihe remainder corresponded to known 
genes. CGH experiments on cDNA microartays were done as described (14» 
1 5). Briefly, 20 ^g of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for J4-18 h with Alul and Rsa\ (Life Technol- 
ogies. Inc Rockville. MD) and purified by phenol/chloroform extraction. Six 
of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and norma! DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprime Labchng kit (Life Technologies, Inc.). Hybridization ( 1 4. 1 5) and 
posthybridizaiion washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stiatagene. 
La Jolla. CA) was used in all experiments. Forty ^ of reference RNA were 
labeled with Cy3-dUTP and 3.5 ^g of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13. 15). For both 
mictoarray analyses, a laser confocal scanner (Agilent Technologies. Palo 
Alto. CA) was used to measure the fluorescence intensities at the target 
locations using the DE ARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
dismbution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (i.e.. copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test and 
reference intensity <10p fluorescent units and/or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define cutpointa for increased/ 
decreased copy number. Genes with CGH ratio > 1 .43 (representing the upper 
5% of the CGH ratios across all experimenu) were considered to be amplified, 
and gene9 with ratio <0.73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analyiis of CGH and cDNA MIcroarray Data. To evaluate 
the influence of copy number alteratioiis on gene expression, we applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore. cDNA ratios for each gene across aU 14 cell lines were 
median centered. For each geiw. the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, >1.43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signaMo-noise 
statistics (1). We calculated a weight, Wg, for each gene as follows: 

m,| - mjo 

where m^i. cr^i and m^. cr^ denote the means and SDs for the expression 
levels for amplified and nonamphfied cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10.000 random permu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random pemiutation than the original weight was denoted by a. A ^ 
low a (<0.0S) indicates a strong assoctaticni between gene expression and 
amplification. 

Genomic Localization of cDNA Clones and AropUcon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 141.* A database of genomic sequence alignment information 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz*s GoldenPath database.^ The chromosome and 
bp positions for each cDNA clone were then retrieved by rolatmg these data 
sets. Amplicons were defined as a CGH copy nimiber ratio >2.0 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. "Hie amplicon start and end positions were 
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Table I Summary of independent ampiicoM in 14 brtast canctr ceil Una by 
CGH microarray 



Location 

lpl3 
lq2l 
lqZ2 
3pU 

7pl2.l-7pnj 

7q31 

7q32 

8q2l.ll-8fi21.l3 
8q21J 

8q23.3-8q24.U 

8q24.22 

9pl3 

13422^31' 

16q22 

17qll 

I7ql2-q2l.2 

l7q2IJ2-q2I.33 

I7q22-<i23.3 

I7q23.3-q24j 

19qt3 

20qtt.22 

20ql3.12 

20ql3.12-^l3J3 

20ql3.2-<il3.32 



Start (Mb) 


End (Mb) 


Size (Mb) 


132.79 


132.94 


0.2 


173.92 


177.23 


3.3 


179.28 


179,57 


0.3 


71.94 


74.66 


2.7 


35.62 


60.95 


53 


1 7^ 71 

1 £^-f3 


130.96 


5.2 


140.01 


140.68 


0.7 


86.4$ 


92.46 


6.0 




103.03 


4.6 


1*70 ft5t 


142.15 


12 J 




152.16 


1.0 


38.63 


39.25 


0^6 


77J5 


8IJ8 


4.2 


86.70 


87.62 


0.9 


29.30 


30.85 


1.6 


39,79 


42.80 


3.0 


52.47 


55.80 


3J 


63.81 


69.70 


5.9 


69.93 


74.99 


5.1 


40.63 


41.40 


0.8 


34.39 


35.85 


1.3 


44.00 


45.62 


1.6 


46.45 


49.43 


3.0 


51.32 


59.12 


7.8 



CGH were validated, with lq21, I7qll— q2l.2, 17q22-q23, lOqn.l, 
and 20ql3.2 regions being most conutnonly amplified. Furthermore, 
the boundaries of these amplicons wecx precisely delineated. In ad- 
dition, novel amplicons were identifiexl at 9pl3 (38.65-39.25 Mb), 
and I7q21.3 (52.47-55.80 Mb). 

Direct Identification of Putative i^^tnpliflaitlon Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression <lata on a gene-by-gene basis 
throughout the genome. Wc directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pl i-pl2 (Fig. 3^). In BT-4 74, the two known amplicons 
at t7ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3B). In addition^ several genes, including the 
homeobox genes H0XB2 and HOXB 7, were highly amplified in a 
previously undescribed independent amplicon at 17q21.3. HOXB7 
was systematically amplified (as validated by FISH, Fig. ZB, inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474. UACC812. and ZR-75-30! cells. Furthermore, this novel 



extended to include neighboring nonamplificd clones (ratio» <1.5). The am- 
plicon size detemiination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to brcasi cancer cell lines was done a« 
described (17). Bacterial artificial chromosome clone RPU-361K8 was la- 
beled with SpcctnimOrangc (Vysis, Downen Grove, IL), and Specttum- 
Orange-labcled piobe for EGFR was obtained from Vysis. SpecmimGrecn- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paratfin-en>bed- 
dcd primary breast cancers (17) was applied in FISH analyses as described 
(18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Spcchnens containing a 2-fold or higher 
increase in the number of lest probe signals, as compared widi corresponding 
centromere signaU, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test. 

RT-PCR. The H0XB7 expression level was determined relative to 
GAPDH. Reverse transcription and PGR amplification were perforaicd using 
Access RT-PCR System (Promcga Corp., Madison, Wl) with 10 ng of mRNA 
as a template. HOXB7 primers were 5'-GAGCAGAGGGACTCGGACTT-3' 
and 5'-GCaTCAaaTAGCaATTGTAG-3'. 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH raicroarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were oveicxpiessed (i.e.. belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

[dentiOcation of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 Id). This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1), Several amplification sites detected previously by chromosomal 
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mosome 17 ccniromerc (green) to BT-474 cells (B). 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a Ussue microarray and was associated 
with poor prognosis of the patients {P = 0.001). 

Statistical IdcntificaUoD and Cbaracterizadon of 270 Highly 
Expressed Genes in Ampiiconi. Statistical comparison of expres- 
sion levels of all genes as a ftinction of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data,* 91 of the 270 genes reprcsemcd 
hypothetical proteins or genes with no fiinctional annotation, whereas 
179 had associated fiinctional information available. Of these, 151 
(84%) ar€ implicated in apoptosis. cell proliferation, signal transduc- 
lion. and transcription, whereas 28 (16%) had functional annotations 
that'could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications ^plying CGH* (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantia] with the most dramatic effects seen in the case of high- 



* Inicmcl address: htipy/www.gencontology.org^. 



^ Internet address: httpi/Zwww. ncbi.nlm.nih.gov/entrez. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important than that of 
high-level amplifications. Anei^loidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The CGH microarray analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries for many am- 
pUcons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the bomeobox gene region at I7q21,3 and led to the over- 
expression of the H0XB7 and H0XB2 genes. The homcodomain 
transcription factors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). H0XB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
turaorigenicity and angiogenesis in breast cancer (29-32). The pres- 
ent results impiy that gene amplification may be a prominent mech- 
anism for ovcrexpiessing H0XB7 in breast cancer and suggest that 
H0XB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in l(y% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes on the array), including not only 
previously described amplified genes, such as HER'2, MYC, 
ECFRy ribosomal protein s6 kinase, and AJBSy but also numerous 
novel genes such as NRAS-related gene (lpl3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql3.1). whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoplosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we demonstrate application of cDNA raicroarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: {a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; {b) a high-resolution map of 24 independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the ovcrexpression of which was sUtistically attributable to 
gene amplification. Characterization of a novel amplicon at 
17q21.3 implicated amplification and ovcrexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between H0XB7 amplification and poor patient prognosis. Overall, 
pur results illustrate how the tdentirication of genes activated by 
gene amplification provides a pov^erfiil approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development. 
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Microarray analysis reveals a major direct role of ^ 
DNA copy number alteration in the transcriptional 
program of human breast tumors 

I „,tha„R.Poilack*« ThereseSerile•.CI«riesM.I^ou^Ch^istlanA.Rees»•^Stefa^^ 



contributed by Patrick a Broiwa AuQUil 5. 2002 

Genomic DNA copy number alteretloM are key flenetk events in 

tiM development and pregi«*>n of human 

reiioit « aenome-wlde mkroanray comp6irBtf.-e senomk lhj*fW- 

tation (way CfiM) analysis of DNA copy 

a series of primary human Iwast tumoi* we have profiled DI»A 

copy number attwatlon booh S.691 mapped human 
Prominently «h«nced. primary breast tun«« and ^ 
Sncar cell lines. While the overaD prttems of ONA "mijtttertton 
and deletion corroborate previous cytogenetic studlas.^the Wgh- 
resolutlon (gane^ene) mapping of ampllcon «>?w^^ ««* 
^qwmtlSuve analysis of amplkon shape provide significant 
improvement In the localiaatlon of candidate oncogem* ParaM 
SSiSLay measurements of mRNA level. rev«l *• r«n»ri«W« 
degree to vvhkh variation ta gene copy 
variation in gene expression In tumor cells. Specifically, vw flrjd 
*i Si of^lghfampllfied genes shov. moderately or highly 
elevated expresilon, that ONA copy number Influences gene ex- 
pression across a viMe range of DNA copy number alteretwns 
<deletioalow-.mid.aKdhlBh.levelam,rflflcati«)j^ 
a 2-fold change in DNA copy number Is assodated vrith a corre- 
sponding 1.5-fold change hi mRNA levels, and thatoverad.at lewt 
12% of all the variation in gene expre^ among the breast 
tumors b directly attributable to undertying variation In gene oopv 
^^,^se findings provide evidence that widespread DNA 
cojy^mber aheratlorcan lead directly to global der^ulatlon of 
geM expression. yMdi may contribute to the development or 
progression of caiKer. 

Conventional <^togenetic techniques, indnding «»inpanitive 
genomic hybridiition (CGH) (1). have led to the idenhfi- 
cation of a number of recu^ent regions of DNA 
alteration in breast cancer cell lines and tumore (2-4). Wh*e 
some erf these regions contain known or candidate oncogei^ 
Crorei (8pll). MYC (8q24). CCNDl (llql3). ERBK 
[l7ql2). and ZNF217 (20ql3)] and tumor suppressor genes 
IRBl (13ql4) and TP53 (I7pl3)j. the rdwant gffnc(8) 
oVter re^ons (eg, gain of Iq. 8q22. and 17q22-24, and l^of 
8p) remlin to identified. A high-resolution genome-wde 
n^p, delineating the boundaries of DNAxopy »"'"ber alter- 
ation in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes m breast 
cancer. In this study, we have created such a map, uang 
array-based CXJH (5-7) to profile DNA copy number alteration 
in a series of breast cancer ceU lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identtfied 
breast tumors alter expression of genes Within invdyed 
rcKions. Because wc had measured mRNA levels m paralld iq 
thf same samples (8). using the same DNA ^fj^^^^^ 
an opportuni^ to explore on a genomic scale the relatiooAip 
betwl^ DNA copy number changes and gene expression. From 

wiVW4)i»«*rfl/cBV<W/W.1073/po«.162«7W99 



this analysis, wc have identified a dgnificant impact of wide- 
^lead DNA copy number alteration on the transcnptoonal 
programs of breast tumors. 

Materiab and Method! 

Tumors and Cemines. Primary breast ^f^'^^Vn:^^^;^^^!. 
latKC (>3 cm), interroediate-giade, Infiltiattag ductdcarono- 
mi; with more than 50% being lyiiiph «>* 
fraction of tumor cells within qiecimens •▼et^ at lea* 50%. 
Detafls of ind&idual tnmore have been pubhAed (8, 9), and 
are ammarized in TaWe 1. which is published u supporting 
information on the PNAS web site. www.pnaMtfr Breast cancer 
cell lines were obtained from the Aajenan TVpe Culture 
CoUection. Genomic DNA was isolated either using Qiaipn 
genomic DNA cohnnns, or by phcnpl/chlorofortn eatracbon 
followed by etbanol predpitation. 

DNA Ubeling and MIcroarrey HybridbatleM. Genomic DNA label- 
ing and hybridirations were performed wsentia^as described 
n Pollack «r oL (7). with sUght modifications. Two micioMams 
of?AA^lab^^dinatotalvolun^ 
volumes of all reagents were adjusted acco^dtnrt^ "I^^J?"^ 
(from tumors and ceU lines) was fluoresoentlytobeled (flfS) end 
Sbridi«cd to a human cDNA microarray containing 6^1 
dtffcrent mapped human gen« (i.c, UniGene dusteis), The 
"JS.C? (tebded with Cy3) fbr eadi hybridiaitioji wm nor- 
mal female leukocyte DNA from a single donor^e fabncation 
^dJNA microafrays and the labeling and bybndizauon of 
mRNA samples have been described (8). 

Data Analysb and Map PeiWens. Hybridiied arrays we^^^ 
on a GenePix scanner (Alton Instruments, Fc^ City. CA). and 
ftaora^nceiati08(tMt/refferehce)calwtated using K^NALvp 
IX^(a«aable at http://rena.lbLgov). Huorescence rahos 
v^norlnaliied for eadi array by setting the avwage log 
fluorescence ratio for aM array dements equaltoO. Mew 
ments with f hiorescence rotenaties more than 20% ^ove b^ 
ground were considered reliable. DNA copy number profile 
d»t deviated significantly from background ratios measured iii 
normal genomks DNA control hybridizations were mterpreted as 
cviSn J of real DNA copy number alteration (see fitimoting 
Svmmcance of AUmd Ftuonacaice Ratios m the suHjortmg 
rXrmtion). When indicated. DNA 

displayed as a moving average (symmetnc 5-nearest neighbors), 
positions for arrayed human cDNAs were assigned by 
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identifying the starting positioii of the best and tonp*,""^^ 
mTdNA sequence represented in the conesponding UwG^e 
dwi« tjS^"gain»t^ -Golden Path" genome assembly 
?httS/icnimef«csc.edu/; Oct 7. 2000 Freeie) For UmGa« 

dSeVs Represented by mulUpte "^ ^'^"^ "u'lSS 
mcence ratios (for all elements representing the same UniOene 
SS^are S««ted. For mRNA measurements, fluorescence 
S«"S-centered" (Le, report«l relatWe to the m«m 
Soacross the 44 tumor samples). The data set d«cnT)ed here 
S beac«ssed in its entirety m tiie suppoitmg mformation. 

Results 



deletion. Parallel analysis of DNA fiom od^ lines eortmntag 
SSfcrent mmibet, of X dmmwsomes (Fig. 1*). ^ 
(7Tdemonstr8tedlhesensithrltyofourn^ 

loss (45, XO). and 1^5- (47,XXX). 2-X«.p»?vS 
«fou749JCXXXX) gains (also see Fig. 5. whfc* is pubbshed 
"^pS,SS&'thePNAS^d|2.nuor^ 
ratiw We Unearly proportional to copy number iBtio. whidi 
^ndbrSated. in agreementwith prortons ^ 
S^^tioM O). Numerous DNA copy mmibcr .heratKMH were 
^nt to boU. the breast cancer cell Itoes «»dprimanr tumon 
Sr?«Me2Jrted in the tumon i«Vi^^P'^^^^ 
iS-tumor cell types; the »^J*f^*S 
generally loweT in Uie tumor siamples. DNA «wnnmb« 
SSa?toSw?re found in every cancer cea line Mrf twmid 
. , , ^ Mmolc. Recurrent 



ReSUnS . 

We performed COH on 44 predomlnantiy 'peajly ^...-uons were louna m every «« 

pSnS^breast tmnois and 10 breast «ncer ?SSlhiSSZ»mosomeinatle.stones«npte.^=^ 
?DNAmicroairays containing 6/»l different m^ed h»nnan °° ^^^^ number gain and loss were readily iden- 

rS. kT^o see Materials and Methods for detaUs of regions of DNA copy numucr igm ^ ^ ^ 

SSaS l^dizations). To takefidj advantage of the m- 
Swcd spatiS resolution of array CGH. we ordered fhiorw- 
STraTios for) tiie 6.691 d)NAs accoriing ««»^° 
?Sh" (http://ga.ome.ucsc.edu/) genome wse^b^^J*! ^"Jj 
Juman^g^oml scqucnccs (11). In so doing, -"'r^^^.^l' 
only themsehes represent genes of potential 

^didate oncogenes witiun '"'P^^h^'^^P^.^^a 
^etic landmarics for diromosomal regions of amplificauon and 



leeions of DNA COW numuer gam am •«» "7"—' 
S. For examiE gains within H 8q. ^^^i'^^^^ 
ohMTved in a high proportion of breast cancer ceD lines/ttrnwrs 

M as were losses within Ip, 3p, 8p, and 13q (80»/Z«». 

W%/22*. and W»/18%. r«pective|y). conasunt 
^S publidied cytogenetic studies (lefe- * ""^'^J^ • 
^f Eatos/losses is pr^ed in Tables 2 and 3. which arepubtehed 
as s^poSg information on die FNAS web site). The total 
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of X d.remo»m«. for bf .Kt c««r ceO Un». '"^ wd m.ppln9 to dwrnwomo 8 »• onlirtd by iwWon •tang 

highllsht r«u,r»rt copy nunrt»r d.*9«- Th. f« W^^^^b^C^^JS^SS^^ 9«—~ lndl««d«-1ha-or«*|^^ 




row abo»t tho(e gto« rtpfwwrttd on ww •'^^[r';;'"^!'^^ 
(tumor/honMO « plotted on • log, Wie for chromo«»ne e 9«H* ord.»^ 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors thatM^e hWbgnMteCP = 
SSSconsirtcW withpublished CGH data (^^^^^ 
tor n^tWc (P - 0.04). and harboring TP53 mutotwns (/» - 
0.0006) (see Tabfc 4. which is published as supportmg informa- 
tion on the PNAS web ate). _ . 

^e improved spatial resolution of our array CGH analyse « 
illustrated for dupmosome 8, which d«5»»«y«>.,«^«!^ J^NA 
copy number alteration in our senes. A detailed 
variation in the copy number of 241 genes '^fj^^^^ 
some 8 revealed multiple regions of recurrent amplification, 
each of these potentially harbors a different known or previously 
un?hiiiSonco^«e(r.g.2«).Jh^^ 

structure is most easily appredatedm the «^«"^ 
SKBR3. Although a conventionaKDGH analysBOf «qm SltBK3 
identified only two distinct regions of amphficauon (IZ). 
observed thr^ distinct regions of high-level ampJifiration (to- 
beled 1-3 in Rg. 2b). For each of these regions we can define the 

MMkttaL 



boumiaries Of the interval ttcumntlfm^Rtam^^i^vt 
«amined; in each case, known or plausibkrandldate 

^ be id«tified (a description of 

recurrently amplified tegloas on chlonK«om»17and2C^« 

fouiSin Rgs. 6 awl T/wbich are published as supporting 

information on the PNAS web site). a^i 
Ftor a subset of breast cancer ceU Imp and timOT (4 jnd^^^ 

VespectWeW). and a subset of arrawd gen»fW»5). inRNA 

mfcroarrtys (8). The parallel assessment of n^WA » 
wSSi in tite interpretation of DNA com •»«^»»« «»^'!^ 
^ple. the higWy amplified genes that are ato highly ea- 
Sfart Ae strSngest'aina^ *»~«'iS?'^TSffi: 
ron. Pertiaps more agnificant^. our parallel analysis of DNA 
nSmbS changes Md mRNA i^J'tl^f^^f^ 
tSSlty to assess the global impact of widespread DNA copy 
number alteration on gene expression m tumor ecus. ^ 

A strong hifluence of DNA copy mmiber on gene «Tn«?»on. 
is^ident to an exammation of the pseudocotor representouons 
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^ ^ ] rhf«fi«om« 17 DNA cow 



of DNA copy number and mRNA levels for genes on diromo- 
some 17 (Fig. 3)- The overall patterns of gene ampUfuatlon and 
elevated gene expression aie quite concordanU ix., a signrfjcant 
fraction of highly amplified genes appear to be corresponding^ 
highly expressed. The concordance between high-level ampUti- 
cation and increased gene expression is not restrfcied to ^ro- 
mosome 17. Gcnomc-widc, of 117 high-level DNA amphfica- 
tions (fluorescent* ratkw >4, and representing 91 
genes), 62% (representing 54 different gcne^secT^lc 5. which 

h published as supporting information on the PNAS web ntc) 
ate found assodatcd with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean^entered fluorescence 
ratios ^4) ' • "* 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplificauon) are 
also associated with corresponding alterations m mRNA levels, 
we performed three separate analyses on the completedata set 
(4 cell Ihies and 37 tumors, across 6,095 genes); First, we 
determined the average mRNA levek for each of five classes 
of genes, representing DNA deletion. change, ajjd lojJS 
medium-, and high-level amplification <F*g. 4tf). For both the 

1296i I wvw4»n«4»r9/<gVdoi/10.1073/pnw.16247t999 



breast cancer ccU lines and tumors, average mRNA 
tradced with DNA copy number across all five dasses, in a 

S£2a5riSfic«.t Shton (p^^jfit::^,^t^S' 

.tests comparing adf«K««lcl«»e«:»^^ 

1 X 10-*). A linear regitsshm of the cow 

number), for each dass. ■«"£.*2?S^A^ 
demonstrated that on average, a 2-fold dianp fa DNA cgiy 
niffliberwasaccompanicdbyl.4-andl3^ctwin«RNA • 

level for the breast cancer cell lines and tumors, respectively tr*. 
4a. regression Ifae not shown). Second, we charactcrjred the 
distribution of the 6.095 correlations between DNA coRT num- 
berandmRNAIevel.cachacros8the37tumor8ainples(Flg.46). 

The distribution of correUtions forms a nonnaMiaped curve. 
STwiS the peak markedly shiftedtatheporidwduert^^^ 
«ro. This siSt Is statistically signlficanljas wWencwl m a ptot 
of observed vs. expected corretotions (Fig. 4^. and rtOMs z 
pervasive global mfluenoc of DNA copy "Ui^ber aUeraliwB^^^ 
icoc e«r«rion. Notably, the highest corretotion8betj«en DNA 

S5SK:randmIWAIevel(*e »f 
inFw 46) comprise both amplified and deleted genes (dath not 
sbovra). Thiid, we used a linear legrcsaon model to esuroate the 
fn^ioii of all Wriation measured in mRNA levels among the 37 



Hg.4. 6.nome^ln1h»nc.olDMA«p,nunU«.h.»««^^ 
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left to right), «» 4 X 10-. 1 X 10-*. 5 X 1 0-». ^^^^ "II^ISiK^j^lLnd;-™^ d SS^»t^i«SS5 cond^ co«fnd«m. 

The expected values were obulned by rendeiiU«tlen the arople l^"^' "J^S^^^ ««Wb«I <«>tock lln^ «wHr«cil«i « data i«Uln«J 

in 9«i«P«olo« (•~»n9 tumort) directly •^""y^f'^" '"JT^iTh ZS^X^elJSwtrt^^ •» <»«» •» "•^tlw 



to Vniertying DNA Copy Number Ahentlon^ 

tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
1% of aW of the observed variation in mRNA Icveb can^ 
explained directly by variation in copy number of the altered 
genes (Rg. We can reduce the effects of experimental 
measurement error on this estimate by using only that fraction 
of the data most reliably measured (fluorescence mtensity/ 
badcgiound >3); using that data, our estimate of the percent 
variatfen in mRNA levels direcdy attributed to variation in grac 
copy number increases to 12% (Fig. 4d)e This still undoubted 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation m 
the expression programs of the tumor cells thcmseWcs, but also 
by the variable presence of non-tumor cell types within duiical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a scries of human breast tumors demonstrates the 
usefufaiess of defining ampHcon boundaries at high resohition 
(gene-by-gene), and quantitatively nicasuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in paraUcl, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns m both breast cancer 

Poltoeketat 



cell lines and tuinon. Although the DNA microarrays used mo^ 
analysis may display a bias toward characterized and/or hifiW 
expressed genes, because we arc examtntog widi a large fraction 
of the genome (approximately 20% of all human genes), and 
l>ecause, as detaUed above, we arc likely underestimating the 
contribution of DNA copy number changes to altered gene 
cxpresssion, we beUcvc our findings are likely to be generaiizable 
(but would nevertheless stiU be remaricable if only appUcable to 
this set of -6,100 genes). ■ ' ^ . • 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Tworecent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips et oL (14) have s^own that 
with the acquisition of tumorigenlcity in an immortalized pros- 
tate epithelial ceU line, new chromosomal gains and lossa 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzcr ef al (15) recentiy reported that in metastatic 
colon tumors only -4% of genes within amplified regions wcrp 
found more highly <>2.f6kl) expressed, when comi^red witii 
normal colonic epitiielium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fDld increased expression. These contrastmg 
findings may reflect metiiodological differences between the 
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studies. For example, the study of Platzcr et aL (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplificd chromosomal regions were found to 
exhibit at least 4-f6Id altered expression in metastatic colon 
cancer. Additionally, their reliance on lowcr-resohition chromo?^ 
somal OjH may have resulted in poorly delimiting the bound- 
aries of bij^-complcxity amplicons, effectively overcallhig re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes m^ represent real biological differences 
between breast and metastatic colon ttiniors; resohition of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are nol subject to ^>edfic autoreguiation or dosage 
compensation. Third, thfe finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
iecnesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mq>ping of ampli- 
con boundaries and shape [to identify the •'driving" gene(8) 
within amplicons (16)], on a large number of samples, in addition 
to fiiiicUonal studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed gates, even wit^ existing 
microarray gene expression data sets, may permit the inference 
of DNA copy number aberration, pardculariy aneupMdty (where 
gene expression can be averaged across large chromosomal 
regions; see F]g. 3 and suppordng informaUon). Fifth, this 
finding implies that a substantial poition €i the phenotypic 
uniqueness (and extension, the heterogeneity in clinical 
tyehavior) among patients* tumois may be traceable to underly- 
ing variation in DNA copy number, Sfaoh, this finding supports 
a possible role for widespread DNA copy number aheration in 
tumorigenesis (17, 18), b^nd the amplification of qiecific 
oncogenes and deletion of specie tumor stqypressor genes. 
Wldesinread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expresnon, migbt disrupt critical 
stochiometric relationships In cell metabolism and physiology 
(eg., pioteosome, mitotic spindle), possibly promoting further 
chromosomal instability arid dir^^ctly contributing to tumor 
developmrat or progressioiL Finally, our findings suggest the 
possibility of cancer therapies that explc^t specific or global 
imbalances in gene expression in cancer. 
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Each year, over 182.000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the diseased Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role.2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy. proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. ^ 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HercepTesfTM) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion'T'** Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
ti(Jh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 16.7% for 
patients with no HER-2/neu gene amplification.^ HER-2/neu 
status may be particularly important to establish in women with 
small (< 1 cm) tumor size. 

The choice of methodology for determination of HER- 2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1549 node-positive patients. Patients received one 
of three different treatments consisting of different doses of 
cyclophosphamide, Adriamycin, and 5-fluorouraci! (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death.^ Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin® (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin® in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking at response 
to Herceptin^ in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will uti- 
lize immunohistochemistry (HercepTest^) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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CPT code information 

HER-2/tieu via IHC 

88342 (including interpretive report) 

HER-2/neu via FISH 

88271 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
8829 1 Cytogenetics and molecular cytogenetics, interpre- 
tation and report 

Procedural Information 

Immunohistochemistry is performed using the FDA-approved 
DAKO antibody kit, Herceptest^^. The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure for routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ©f the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, parafFm-embcdded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome 1 7 centromere and the second for the HER- 
2/neu oncogene located at I7ql 1 .2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the numbet of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
resuh, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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ABSTRACT The consistent cytogenetic translocation of 
dironlc myelogenous leukemia (the Phiiadelphla chromdspme, 
Ph^) has been observed in cells of multiple hematopoietic 
lineage. This translocation creates a chbneric gene composed 
of breakpoint-dtister-region (bcr) sequences from chromosome 
22 fused tp a portion of the abl oncogene oo chromosome 9, The 
resulting goie product (P2iO^^^ resembles the transfonqittg 
protein of the Abelson murine leukemia vfaiis in its structure 
and tyroshie kinase activity. PllO^*^ is expressed hi Ph^* 
positive cell lines of myeloid Ifaieage and In dhdcal specimens 
with myeloid predominance. We show here that Epstein-Barr 
virus-transformed B4ymphocyte Ihies. that* retain Ph^ can 
express P210^^'t Thcf level of expression in these B-ceU Unes is 
generalty lower and more variable than that observed for 
myeloid tines. Protein expression is not related to amptificatioii 
of the abl gene but to variation In the level of bcr-abl mRNA 
produced from a shigle Ph^ template. 



Chronic myelogenous leukemia (CML) is a disease of the 
pluripotent stem .ceU (1). In grater than 95% of patients, the 
leukemic cells contain the cytogenetic marker known as the 
Piuladelphia chromosome, or Ph^ (2). This rjeciprocal 
translocation event between the long arms of chromosomes 
9 and 22 has been used as a disease-specific marker for 
diagnosis and evaluation of therapy. Multiple hematopoietic 
lineages, including myeloid and B-iymphbid, contain IPb} in 
early or chronic phase, as well as in Uie more acute accel- 
mted and blast cqsis phases of the disease. 

One molecular consequence of Ph^ is tfaie tr^slocation of 
the chromosomal arm containing the c-abt gene on chronio- 
some 9 into the middle of Uie breakix)int-clu5ter region (bcr) 
$ene on chromosome 22 (3-6). Although the precise 
translocation t)reakpoints are variable, an RNA-splicing 
mechanism generates a very similar 8-kilobase (kb) mRN/^ in 
each, case (5-9). The hybrid 6cr-£i^/ message encodes a 
structurally altered form of the abl oncogene product, called 
P210^' (10-13), with an amino-terininal segment derived 
from a portion pf the exbns of bcr on f hromosome 22 and a 
carboxyi-terminal segment derived from a msyor portion of 
the exons of the c-a^/ gene on chromosome 9. The ciiimeric 
structure of bcr'abl and the resulting P21(P*^Ms similar iq the 
structure of the Abelson niurine leukemia virus ga^'dbl 
genome and resulting PIGO**" transforming gene product. 
Both proteins have very similar tyrosine kinase activities (10, 
11, 14) which can be distinguished by their relative stability 
to denaturing detergents and by their ATP requirements front 
the recently described tyrosine kinase activity of . the c-abl 
gene product (15). 
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In concert with stiructur^ modification of the aipino* 
terminal portion of the abl gene, increased level of expression 
has been implicate^ in activation ofc-abl oncogenic poten- 
tial. Myeloid and erythroid cell lines and tUnical samples 
derived from acute-ph^e CML .pdtsents contain about 10- 
fold higher levels of the 8-kb bcr-ablmBl^Amd P210<^ than 
the G-ablwRNA forms (6 and 7 kb) and P145*^* gene prodi|Ct 
(5, 8, 9, il), The higher level of expression of the cljimeric 
bcr-abl message in acute-phase cells is not likely to be solely 
due to the presence of the bfcr promoter sequences at the 5' 
end of the gene, sin^e the nonnal 4.5-kb and 6.7-kb bcr- 
encoded mRNA.species are expressed at an even lower level 
th^i the normal c^6/ messages (5, 6)* 

We have analyzed a series of Epstein-Barr vicus-immor- 
talized B-lymphpid ceil lines derived fipom CML patients (16). 
With such in vitro clonal cell lines, we can evaluate whether 
the presence of Ph^ always resultis in synthesis of the chimeric 
bcr-abl message and protein, and whether the quantitative 
expression varies for cells of B-lymphoid lineage as com- 
pared to previously examined mveloid cell lipes. Our results 
3how that cell lines that retain Ph^ do express bcr-abt message 
and protein, but that the level is igenerally lower and more 
variable than previously seen for myeloid cell lines. The 
demonstration that the Pi)^ chrpmoson^al template can vary 
in its level of expression of P210^ suggests that secondary 
mechanisms, beyond the translpcatioh itself, contribute to 
the regulation of the bcr-qbl gene in dififerent cell types or 
subclones that derive from the affected stem cell. 

materials; AND METHODS 

Cells and CeQ Labellngs. Epstein-Barr virvs-transfdrmed 
B-lymphoid cell lines were established from peripheral blood 
samples of chronic- and acute-phase C^ patients as report- 
ed (16). The cell lines are designated according to patient 
number, karyotype, and lineage. For example, SK- 
CML7Bt(9,22)-33 refers to CML patient 7, B-lymphoid cell 
line, 9;22 translocation (Ph^), cell line 33; and SK-CML7BN- 
2 refers to B-cell line 2 with a normal karyotype derived from 
the same patient, Repeat karyotype analysis was performed 
to verify the retention of Ph^ just prior to analysis.for 
protein and RNA. Cells were maintained in RPMI li&40 
inedium with 20% fetal bovine serum. We have not observed 
aiiy consistent pattern of in vitro growth rate that correlates 
to the stage of disease at the tithe of transformation with 
Epsteiry-Barr virus. Cells (1.5 x 10^) were washed twice with 
Dulbecco's modified Eaglets medium lacldng phosphate and 



Abbreviations: bcr, breakpoint-cluster region;, CML, chronic 
myelogenous leukemia; kb, kilobase(s). 
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supplemented with 5% dialyzed fetal bovine serum. Cells 
were then resuspended in 2 ml of the minimal medium. 
Labeling was started with the addition of ['^]orthophos- 
phate a mCi/nd; ICN; 1 Ci = 37 GBq) and continued at 31'*C 
for 3-4 hr. 

Immunopredpitatlon and Immunoblottlng. Inununoprecip- 
itations were carried out as described (10). Cells (1.5 x 
were washed with phosphate-buffered saline and extracted 
with 3-5 ml of phosphate lysis buffer (1% Triton X-100/0.1 
NaDodSO4/0.5% deoxycholate/10 mM Na2HP04, pH 7,5/ 
100 mM NaQ) with 5 mM EDTA and 5 mM phenyhnethyl- 
sulfohyl fluoride. Extracts were clarified by centrifugation 
and precipitated with normal or rabbit anti-abl sera (anti- 
pEX-2 or antj-pEX-5) (17). The precipitated proteins were 
electrophoresed in a NaDodS04/8% polyacrylamide gel. 
^^P-labeled proteins were detected by autoradiography. 
Alternatively, abl proteins were detected by immunoblottlng. 
Extracts f^om unlat^led cells were clarified, and proteins 
were concentrated by immundprecipitation with rabbit anti- 
sera against abl-encodcd proteins [anti-pEX-2 and anti-p^X- 
5 combined (17)] arid then fractionated in 6% acrylamide gels. 
The proteins were transferred from the gel to nitrocellulose 
filters, using protease-facilitated transfer (18). The abl- 
encoded proteins were detected using murine monoclonal 
antibodies as a probe and peroxidase<oi\jugated goat anti- 
mouse second stage antibody (Bio-Rad) for development, 
kabbit antisera and mouse monoclonal antibodies to abl 
proteins were prepared using bacterially expressed regions of 
the y-abl protein as immunogens (17, 19). Anti-pEX-2 anti- 
bodies react with the internal tyrosine kinase domain and 
anti-pEX-5 antibodies react with the carboxyl-terminal seg- 
ment of the a^/ proteins. 

RNA Analysis. RNA was extracted from 10^ cells by the 
NaDodS04/urea/phenpI method (20). Polyadenylylated 
RNA was purified by oligo(dll afifmity chromatography. 
Samples were electrophoresed in a 1% agarose/formalde- 
hyde gel and transferred to nitrocellulose, abl RNA species 
were detected by hybridization with a nick-translated v-ab! 
fragment probe (21). 

DNA Analysis. DNA was prepared front 5 x 10^ cells of 
each cell line and processed for Southern blots with a v-a6/ 
probe as described (21). 

RESULTS 

Variable Levels of P210*^ Are Detected In Ph^-Positive CeU 
IJnes. Ph^-positive and Ph*-negative, Epstein-Barr virus- 
transformed B-lymphocyte cell lines derived from the same 
patient were examined for P210*^' synthesis by immuno- 
precipitation of [^^Pjorthophosphate-labeled cell extracts 
with anti-abl sera (Fig. 1). The normal c-abl protein P145*^" 
was detected at a similar level in multiple Ph^-^positive and 
Ph^-negative cell lines. P210*^'" was only detected in the 
Ph^-positive cell lines because the bcr-abl chimeric gene 
which encodes P210^* resides on the Ph^ (4, 5, IX, 13). The 
level of P210^w ^^s about 4- to 5-fold higher than the level 
of P145"" in the SK-CML7Bt.33 ceU line (Fig. L4, +), The 
Ph^-positive erythroid-progenilor cell line K562 (C) showed 
a level of P2l6^^> about 10-fold higher than P145«>»S 
However, the level of P210*^* was about one-fifth that of 
P145*^-^* in the Ph^-positive SK.CML16Bt-l ceU line (Fig. IB, 
+). Comparison of different autoradiographic exposures 
roughly indicated that the level of P210^'***' varies over a 
20-fold range between these Ph^-positive B-cell lines. Anal- 
ysis of four additional Ph^-positive B-cell lines demonstrated 
that the level of P210*''^ fell into two general classes; some 
cell lines haji a level of P210*^^ similar to SK-CML7Bt-33 
and others had the low level similar to SK-CML16Bt-l (Table* 
1). This differs; from previous studies with Ph^-positive 
myeloid cell lines and patient samples derived from acute- 
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Fio. 1. Detection of variable levels of P210^ in Fh^positive 
B-ccU lines. Production of n45^^ and P210^ in Epstein-Barr 
virus-:tt«nsfonned B-cell lines derived from a blast-crisis (A) and a 
chronic-phase (B) CML patient was examined by metabolic labeling 
with p^]orthophosphate and immupoprecipitation. Ph'-negative 
(-) and Ph^-positive (+) cell lines derived from each patient were 
analyzed. The Ph^-negative cell line in A,- is $K-CMPBN-2 and in 
B^ifi CK'CML16BN-1. The Fh^-positive cell Une in A,+ is 
SK-CML7Bt-33 and in is SK-CML16Bt-l. The K562 ceU line, a 
Ph^-positive erythroid progenitor cell line spontaneously derived 
from a blast-crisis patient (33), is represented in C. Cells (1.5 x 10^ 
were metabolically labeled with 2 mCi of p4>]orthpj;>bosphate for 3-4 
hr and then were extracted and clarified by centrifiigation. Samples 
were immunoprecipitated with control normal serum (lanes 1), 
anti-pEX-2 Ganes 2), or anti-p£X-5 (lanes 3) and analyzed by 
NaDodS64/8% PAGE foUpwed by autoradiography with an inten- 
sifying screen (3 days for A and C, 10 days for B)* 

phase CML patients, in which FZlif'^^ was detected at a 
10-fold higher level than P145«^»" (refs. 10 and 11; Table 1), 
There was no large difference in level of chimeric mENA and 
P2ioc-«bi expressed in four myeloid/erythroid-lineage Ph^- 
positive ceU lines (K562, EM2/EM3, CML22, and BV173; 
refs; 9 and 11), despite a 4- to 5-fold amplification of 
a&/-related sequences in the K562 cell line. 

Detection of different levels of P210*^ in Fig. 1 could be 
due to decreased phosphorylation of P210^'^, a lower level 
of P210^'^' synthesis, or altered stability of the protein. To 
help distinguish among these possibilities, the steady-state 
level of P210^ in the cell lines was assayed by immuno- 
blottlng. The results show that SK-C;ML7BtT33 (Fig. 2A, +) 
had a higher level of P210*^''^ than P145» similar to the results 
with metaboUc labeling (Fig. 1). We did not detect P210^' 
by immunoblottlng with 2 x 10^ cells of line SK-CML8Bt-3 
(Fig. 2B, +). Reconstruction experiments using dilutions of 
cell extracts showed that we could detect about 5-10^ the 
level of P210*^^ expressed in the K562 cell line (data not 
shown). We infer tiiat the steady-state level of P210^ in 
SK-CML8Bt-3 is lower than, the level in SK-CML7Bt*33 by 
a factor of at least 10. The level of P210**^' detected in these 
assays correlated with the aniount of P210*^ tyrosine kinase 
activity that could be detected in vitrp (data hot shown). 

Different Levels of P210^ Are Reflected.ln the Amount of 
Stable bcr^l niRNA. To identify the basis for detection of 
variable levels of P210^^', we examined the production of 
the abl RNA. RNA blot hybridization analysis using a y-obl 
probe (Fig. 3) showed that the normal 6- and lAsb z-abl 
mRNAs were present at a similar level in Ph^-positive and 
-negative cell lines derived from different patients. However, 
tiie 8-kb mRNA that encodes P210='^* was detected at a 
10-fold higher level in SK-CML7Bt-33 (Fig. 3A, +) than in 
SK<CML16Bt-l iB, which correlated with the relative 
level of P210*^" detected in each cell line. Analysis of 
additional cell lines demonstrated that the level of 8-kb RNA 
directiy conrelated with the level of P210^^^ (Table 1). The 
variation in level of 8-kb RNA detected in these cell lines was 
not due to loss or gain of Ph^ because cytogenetic analysis 
confirmed the presence of Ph^ in these cell lines (ref, 16 and 
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Table 1. Relative levels of tcr-abl expression in EpsteLEh-Barr. 
virus-immortalized B-cell lines and myeloid CML lines ^ 

" 8-kb 



CeUline* 


CMLphaset 




P2106 


mRNA^ 




BC 








SK-CML8BN-10 


Chronic 








SK-CML8BN-12 


Chronic - .~ 








SK-CML16BN-1 


Chronic 








SK-CML35BN-1 


Chronic 








SK-CML7B5-33 


BC 


■+ ■ 


+ ++ 


+,++ 


SK-CMUlBt-1 


Acc 


+ • 


+++ 


+++. 


SK-CMUlBt-6 


Acc 


+ 


+++ 


+++. 


SK-GML8Bt-3 


Chronic 


+ 


+ . 


± 


SK-CML16Bt-l 


Chronic 


+ 




+ 


SK-CMU5Bt-2 


Chronic 


+ . 


+ 


+ 


K562 


BC 


+ . 


+++++ 


++++ + 


BV173 


BC 


+ 


+++++ 


++++ + 


EM2 


BC 


+ 


+++++ 


+++++ 



*CeU lines derived from CML patients by transfpnhatidn with 
Epstein-Barr vims as described (1^. Names. of. cellrlkes indicate 
patient number and Ph^ status: SK-CML7Bt indicates a cell line 
derived from patient 7 that carries the 9;22 Ph^ translocation; N 
indicates a normal karyotype. Myeloid-erythroid ceU lines (K562, 
EM2 , and B V173) are described in previous publications (9, 11. 22. 
33). 

^Status of patient at the time cell line was derived. BC, blast crisis; 
Acc. accelerated phase. 

^I^sence (+) or absence (-) of Pb^ as demonstrated by karyotypic 
or Southern blot analysis. 

9P210^ detected as described in legend to Fig. 1. B<el! lines 
derived from blast<risi8 and accelerated-phase patients had levels 
of P210 3- to 5-fold higher (+++) than levels of P145. Chronic- 
phase-derived cell lines had ¥110 levels lower than or just equivalent 
(+) to the level of P145. Myeloid and erythroid lines had levels of 
P210 5- to lO-fold higher than P145 (+++++). 

^Eight-kilobase bcr-abi mRNA detected as described in legend to 
Fig. 2. Symbols: ±. borderline detectable; level of 8-kb 

mRNA 5- to lO-fold higher than that of the 6- and 7-kb c-abl mRNA 
species; +++, level of 8-kb mRNA 3r to 5-fold higher than that of 
the 6- and 7-kb species; -f , a level approximately equivalent to that 
of the 6- and 7-kb messages. 

data not shown). There was no difference in the copy number 
of abl-rtisXed sequences ais judged by Southern blot aiialysis 
(Fig. 4). Only the K562 cell line control showed an amplifi- 
cation of abl sequences, as previously reported (22, 23). 
liiese combined data suggest that differeiitid bcr-abl mRNA 
expression from a single gene template is responsible for the 
variable levels of P210^ detected. This could be mediated 
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Fio. 2. Analysis of steady-state abl protein levels by immuno- 
blotting. Cell extracts prepared from 2 x 10^ cells of lines SK- 
CML7BN-2 (A.^). SK<:ML7Bt-33 (A.+), SK-CML8BN-10 (B.-). 
and SK-CML8Bt-3 (0,+) were concentrated by immunoprecip- 
itation with anti-pEX-2 plus anti-p£X-5. Samples were then electro- 
phoresed in a NaDodS04/8% polyacrylamide gel and transferred to 
nitroceUulose, using protease-facilitated transfer (18). abl proteins 
were detected using a mixture of two monoclonal antibodies directed 
against (he pEX-2 and pEX-5 abl-proitia fragments produced in 
bacteria (19) as a probe and a peroxidase-coiviugated goat anti-mouse 
second-stage antibody (Bio-Rad) for development. 




Fkp. 3. Comparison of abl RNA levels hi Ph^-positive and 
-negative B-ceU lines. The levels of the normal 6- and 7-kb c-aM 
RNAs and the 8-kb bcMibl RNA were analyzed by blot hybridization 
using a v-dbl probe. RNA was extracted from Fh'-negative lines 
SK-CML7BN-2 (A,-) and SK-CML16BN-1 (0,-), from Ph^pos- 
itive lines SK-CML6Bt-33 CA.+) and SK-CML16Bt-3 (0,+). and 
from line K562 (C,+) by the NaDodSd4/urea/phenol method (20). 
Polyadenylylated RNA was purified by oligo(dT) afiOnity chroma- 
tography, and 15 ^ of each sample was electrophoresed hi a 1% 
agarose/formialdehyde gel and then transferred to idtrocellulose. The 
blotted RNAs were hybridized with a nick-rtranslated v-aM fragment 
probe (21) and then autoradiographed for 4 days. 



by factors influencing the transcription rate of the bcr-abl 
gene or the stability of the mRNA. 

DISCUSSION 

Several lines of evidence suggest that formation of Ph^ is not 
' the primary event that affects the stem cell in CML. Patients 
have been identified that present with the clinical picture of 
CML but only later develop Ph^ (1). This observation, 
coupled with studies of G6PD (glucose-6-phosphate dehy- 
dr6genase)-heterozygous fenudes with CML that demon- 
strate stem-cell clonality by isozyme analysis among ceil 




Fio. 4. Southern blot analysis of abt sequences m Ph^-positive 
and -negative B-cell lines. High niolecular weight DNA (IS /xg) was 
digested with restriction endbnuclease i^amHI, separated in a 0.8% 
agarose gel. and then transferred to nitrocellulose. The blotted DNA 
fragments were hybridized with a nick-translated, 2.4-kb Bgl U v-dbl 
fragment (1.5 x 10" cpni/^; ref. 21) and exposed for 4 days. {A) 
Autoradiogram of d^Z-specific fragments in ceU lines HL-60 (lane 1). 
EM2 (lane 2), K562 GaneS), SK-CML7Bt-33 (lane 4). SK-CMUBt-S 
Gane 5). SK-CML16Bt-l Gane 6), SK-CML21Bt-6 Gane 7). SK- 
CML35Bt-2 Gane 8). SK-CML7BN-2 Gane 9), SK-CML8BN-2 Gaiie 
10). and SK-CML35BN-1 Gane 11). (0) Ethidium bromide staining of 
agarose gel prior to transfer to nitrocellulose, showing the level of 
variation hi amount of DNA loaded per lane. 



4052 Medical Sciences: Konopka et al 



Froc. Natl. Acad. ScL USA 83 (1986) 



populations that lack the Ph^ marker, supports a secondary 
or complementary role for Ph^ in the progression of the 
disease (24, 25). This chromosome marker is found in 
chronic, accelerated, and blast-crisis phases of the disease. It 
is likely that Ph^ confers some growth advantage, since cells 
with the marker chromosome eventually predominate the 
maiTOW and peripheral blood even in chronic phase. During 
the phase of blast crisis, many patients develop additional 
chromosome abnormalities, including duplication of Ph^, a 
variety of trisomies, and complex translocations (26). This 
is suggestive evidence for Ph^ being a necessary but not 
sufficient genetiic change for the full evolution of the 
disease. 

The realization that one molecular result of Ph^ is the 
generation of a chimeric bcr-abl protein with fanctional 
characteristics and structure analogous to the gag-abl trans- 
forming protein of the Abetson murine leukemia virus 
strengthens the argument for an important role of Ph^ in the 
pathogenesis of CML. Although the Abelson virus is gener- 
ally considered a rapidly transforming retrovirus, its effects 
can range from overcoming growth factor requirements, to 
cellular lethality, to induction of highly oncogenic tumors in 
a number of hematopoietic cell lineages (27, 28). Even in the 
transformation of murine cell targets, there are several lines 
of evidence that suggest that the growth-promoting activity of 
the y-abl gene product is complemented by further cellular 
changes in the production of the malignant-cell phenotype 
(29-31). 

The regulation of bcr^abl gene expression is con^ilex 
because the 5' end of the gene is derived from the non-abl 
sequences, bcr, normally found on chromosome 22 (6). The 
level of stable message for the normal bcr gene and the 
normal abl gene are both much lower than the level of the 
bcr-abl message and protein from cell lines and clinical 
specimens derived from myeloid blast-crisis patients (5, 6, 
11). Therefore, the high level of bcr-abl expression cannot 
simply be attributed to the regulatory sequences associated 
with bcr. Possibly, creation of the chimeric gene disrupts the 
normal regulatory sequences and results in a higher level of 
expression. Variation in bcr^abl expression may result fiom 
secondary changes in the structure of the chimeric gene or 
function of rrans-acting factors that occur during evolution of 
the disease. Our analysis of P210*-*** and the 8-kb mRNA in 
Epstein-Barr virus-transformed Ph^-positive B-cell lines 
demonstrates that stable message and protein levels from the 
bcr-abl gene can vary over a wide range. This variation does 
not result from a change in the number of bcr'abl templates 
secondary to geiie amplification but more likely from clUu^es 
in either transcription rate or mRNA stability. We suspect 
this range of bcr-abl expression is not limited to lymphoid 
cells. Analysis of peripheral blood leukocytes derived from 
an unusual CML patient who has been in chronic phase with 
myeloid predominance for 16 years showed a level of 
P210*=-^' one-fifth that of P145*^™ as detected by metaboUc 
labeling with P^P]orthophosphate and inununoprecipitation 
(S.C., O.N. W., and P. Greenberg, unpublished observa- 
tions). Lower levels of expression of the chimeric mRNA 
have been demonstrated in clinical samples firom chronic- 
phase CML patients compared to acute-phase CML patients 
(9). Others have reported chronic-phase patients with vari- 
able but, in some cases, relatively high levels of the bcr-abl 
mRNA (32). The sampling variation and the heterogenous 
mixture of cell types in clinical samples complicate such 
analyses. Further work is needed to evaluate whether there 
is a defined change in P210^'^^' expression during the pro- 
gression, of CML. It is interesting to note that among the 
limited sample of Ph^-positive B-cell lines we have examined 
(Table 1), we have seen higher levels of P210*^**** in those 
derived from paticn . ' at more advanced stages of the disease. 



It will be important to search for cell-type-specific mecha- 
nisms that ought regulate expression of bcr^bl from Ph^« 
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ftoteome analysis: Biological assay or data archive? 

In this review we examine the current state of proteome analysis. There are 
three main issues discussed: why it is necessary to study proteomes; how pro- 
teomes can be analyzed with current technology; and how proteome analysis 
can be used to enhance biological research. We conclude that proteome anal- 
ysis is an essential tool in the understanding of regulated biological systems. 
Current technology, while still mostly limited to the more abundant proteins, 
enables the use of proteome analysis both to establish databases of proteins 
present, and to perform biological assays involving measurement of multiple 
variables. We believe that the utility of proteome analysis in future biological 
research will continue to be enhanced by further improvements in analytical 
technology. 
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1 Introduction 

A proteome has been defined as the protein complement 
expressed by the genome of an organism, or, in multicel- 
lular organisms, as the protein complement expressed by a 
tissue or differentiated cell [1]. In the most common im- 
plementation of proteome analysis the proteins extracted 
from the cell or tissue analyzed are separated by high 
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resolution two-dimensional gel electrophoresis (2-DE), 
detected in the gel and identified by their amino acid 
sequence. The ease, sensitivity and speed with which gel- 
separated proteins can be identified by the use of recently 
developed mass spectrometric techniques have dramati- 
cally increased the interest in proteome technology-. One 
of the most attractive features of such analyses is that com- 
plex biological systems can potentially be studied in their 
entirety, rather than as a multitude of individual compo- 
nents. This makes it far easier to uncover the many com- 
plex, and often obscure, relationships between mature 
gene products in cells. Large-scale proteome characteriza- 
tion projects have been undertaken for a number of dif- 
ferent organisms and cell types. Microbial proteome pro- 
jects currently in progress include, for example: Saccharo- 
myces cerevisiae [2), Salmonella enterica [3], Spiropfasma 
melliferum [4], MycoSacterium tuberculosis [5], Ochrobac- 
trum anthropi [61, Haemophilus influenzae [7], Synecho- 
cystis spp. [8], Escherichia coli [9), Rhizobium legumino- 
sarum [10], and Dictyostelium discoideum [11). Proteome 
projects underway for tissues of more complex organ- 
isms include those for: human bladder squamous cell 
carcinomas [12], human liver [13], human plasma [13], 
human keratinocytes [12], human fibroblasts [12], mouse 
kidney [12], and rat serum [14]. In this manuscript we cri- 
tically assess the concept of proteome analysis and the 
technical feasibility of establishing complete proteome 
maps, and discuss ways in which proteome analysis and 
biological research intersect. 

2 Rationale for proteome analysis 

The dramatic growth in both the number of genome 
projects and the speed with which genome sequences 
are being determined has generated huge amounts of 
sequence information, for some species even complete 
genomic sequences ([15—17]). The description of the 
state of a biological system by the quantitative measure- 
ment of system components has long been a primary 
objective in molecular biology. With recent technical 
advances including the development of differential dis- 
play-PCR [18], cDNA microarray and DNA chip techno- 
logy [19, 20] and serial analysis of gene expression 
(SAGE) [21, 22], it is now feasible to establish global and 
quantitative rrtRNA expression maps of cells and tissues, 
in which the sequence of all the genes is known, at a 
speed and sensitivity which is not matched by current 
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protein analysis technology. Given the long-standing 
paradigm in biology that DNA synthesizes RNA which 
synthesizes protein, and the ability to rapidly establish 
global, quantitative mRNA expression maps, the ques- 
tions which arise are why technically complex proteome 
projects should be undertaken and what specific types of 
information could be expected from proteome projects 
which cannot be obtained from genomic and transcript 
profiling projects. We see three main reasons for pro- 
teome analysis to become an essential component in the 
comprehensive analysis of biological systems, (i) Protein 
expression levels are not predictable from the mRNA 
expression levels, (ii) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, and (iii) proteomes 
are dynamic and reflect the state of a biological system. 

2.1 Correlation between mRNA and protein expression 
levels 

Interpretations of quantitative mRNA expression profiles 
frequently implicitly or explicitly assume that for specific 
genes the transcript levels are indicative of the levels of 
protein expression. As part of an ongoing study in our 
laboratory, we have determined the correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the yeast Saccharomyces cerevisiae 
growing at mid-log phase (S. R Gygi ec aL, submitted for 
publication). mRNA expression levels were calculated 
from published SAGE frequency tables [22]. Protein 
expression levels were quantified by metabolic radiola- 
beling of the yeast proteins, liquid scintillation counting 
of the protein spots separated by high resolution 2-DE 
and mass spectrometric identification of the protein(s) 
migrating to each spot. The selected 80 samples consti- 
tute a relatively homogeneous group with respect to pre- 
dicted half-life and expression level of the protein pro- 
ducts. Thus far, we have found a general trend but no 
strong correlation between protein and transcript levels 
(Fig. I). For some genes studied equivalent mRNA trans- 
cript levels translated into protein abundances which 
varied by more than 50-fold. Similarly, equivalent steady- 
state protein expression levels were maintained by trans- 
cript levels varying by as much as 40-fold (S. P. Gygi 
et aL, submitted). These results suggests that even for a 
population of genes predicted to be relatively homoge- 
neous with respect to protein half-life and gene expres- 
sion, the protein levels cannot be accurately predicted 
from the level of the corresponding mRNA transcript. 

2.2 Proteins are dynamically modified and processed 

In the mature, biologically active form many proteins are 
post-translationalty modified by glycosylation, phosphor- 
ylation, prenylation, acylation, ubiquitination or one or 
more of many other modifications [23] and many pro- 
teins are only functional if specifically associated or com- 
plexed with other molecules, including DNA, RNA, pro- 
teins and organic and inorganic cofactors. Frequently, 
modifications are dynamic and reversible and may alter 
the precise three-dimensional structure and the state of 
activity of a protein. Collectively, the state of modifica- 
tion of the proteins which constitute a biological system 
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Figure 1. Correlation between mRNA and protein levels in yeast cells. 
For a selected population of 80 genes, protein levels were measured 
by -'^-S-radiolabeling and mRNA levels were calculated from publi- 
shed SAGE tables. Inset: expanded view of the low abundance region. 
For more experimental details, also see Figs. 5 and 6, (S. P. Gygi et at., 
submitted). 



are important indicators for the state of the system. The 
type of protein modification and the sites modified at a 
specific cellular state can usually not be determined 
from the gene sequence alone. 

2.3 Proteomes are dynamic and reflect the state of a 
biological system 

A single genome can give rise to many qualitatively and 
quantitatively different proteomes. Specific stages of the 
cell cycle and states of differentiation, responses to 
growth and nutrient conditions, temperature and stress, 
and pathological x:onditions represent cellular states 
which are characterized by significantly different pro- 
teomes. The proteome, in principle, also reflects events 
that are under translational and post-translational con- 
trol. It is therefore expected that proteomics will be able 
to provide the most precise and detailed molecular des- 
cription of the state of a cell or tissue, provided that the 
external conditions defining the state are carefully deter- 
mined. In answer to the question of whether the study 
of proteomes is necessary for the analysis of biomolec- 
ular systems, it is evident that the analysis of mature pro- 
tein products in cells is essential as there are numerous 
levels of control of protein synthesis, degradation, 
processing and modification, which are only apparent by 
direct protein analysis. 



3 Description and assessment of current proteome 
analysis technology 

3.1 Technical requirements of proteome technology 

In biological systems the level of expression as well as 
the states of modification, processing and macro-molec- 
ular association of proteins are controlled and modu- 
lated dependrng on the state of the system. Comprehen- 
sive analysis of the identity, quantity and state of modifi- 
cation of proteins therefore requires the detection and 
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quantitation of the proteins which constitute the system, 
and analysis of difTerentialiy processed forms. There are 
a number of inherent difficulties in protein analysis 
which complicate these tasks. First, proteins cannot be 
amplified. It is possible to produce large amounts of a 
particular protein by over-expression in specific cell sys- 
tems. However, since many proteins are dynamically 
post-translationally modified, they cannot be easily am- 
plified in the form in which they finally function in the 
biological system. It is frequently difficult to purify from 
the native source sufficient amounts of a protein for 
analysis. Froni a technological point of view this trans- 
lates into the need for high sensitivity analytical tech- 
niques. Second, many proteins are modified and pro- 
cessed post-translationally. Therefore, in addition to the 
protein identity, the structural basis for differentially 
modified isoforms also needs to be determined. The dis- 
tribution of a constant amount of protein over several 
differentially modified isoforms further reduces the 
amount of each species available for analysis. The com- 
plexity and dynamics , of post-translational protein edit- 
ing thus significantly complicates proteome studies. 
Third, proteins vary dramatically with respect to their 
solubility in commonly used solvents. There are few, if 
any, solvent conditions in which all proteins are soluble 
and which are also compatible with protein analysis. This 
makes the development of protein purification methods 
particularly difficult since both protein purification and 
solubility have to be achieved under the same condi- 
tions. Detergents, in particular sodium dodecyl sulfate 
(SDS), are frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with SDS 
is a big advantage of SDS polyacrylamide gel electro- 
phoresis (SDS-PAGE) over other protein separation 
techniques. Thus, SDS-PAGE and two-dimensional gel 
electrophoresis, which also uses SDS and other deter- 
gents, are the most general and preferred methods for 
the purification of small amounts of proteins, provided 
that activity does not necessarily need to be maintained. 
Lastly, the number of proteins in a given cell system is 
typically in the thousands. Any attempt to identify and 
categorize all of these must use methods which are as 
rapid as possible to allow completion of the project 
within a reasonable time frame. Therefore, a successful, 
general proteomics technology requires high sensitivity,' 
high throughput, the ability to differentiate differentially 
modified proteins, and the ability to quantitatively dis- 
play and analyze all the proteins present in a sample. 

3.2 2-D electrophoresis - mass spectrometry: a common 
implementation of proteome analysis 

The most common currently used implementation of 
proteome analysis technology is based on the separation 
of proteins by two-dimensional (lEF/SDS-PAGE) gel 
electrophoresis and their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
spectrometry (MS/MS). In 2-DE, proteins are first separ- 
ated by isoelectric focusing (lEF) and then by SDS- 
PAGE, in the second, perpendicular dimension. Separ- 
ated proteins are visualized at high sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins. 2-DE gels are, at present, the most commonly 
used means of global display of proteins in complex 



samples. The separation of thousands of proteins has 
been achieved in a single gel (24, 25] and differentially 
modified proteins are frequently separated. Due to the 
compatibility of 2-DE with high concentrations of deter- 
gents, protein denaturants and other additives promoting 
protein solubility, the technique is widely used. 

The second step of this type of proteome analysis is the 
identification and analysis of separated proteins. Individ- 
ual proteins from polyacrylamide gels have traditionally 
been identified using A^-terminal sequencing (26. 27], 
internal peptide sequencing [28, 29], immunoblotting or 
comigration with known proteins (30]. The recent dra- 
matic growth of large-scale genomic and expressed 
sequence tag (EST) sequence databases has resulted in a 
fundamental change in the way proteins are identified by 
their amino acid sequence. Rather than by the traditional 
methods described above, protein sequences are now fre- 
quently determined by correlating mass spectral or 
tandem mass spectral data of peptides derived from pro- 
teins, with the information contained in sequence data- 
bases [31-33]. 

There are a number of alternative approaches to pro- 
teome analysis currently under development. There is 
considerable interest in developing a proteome analysis 
stragegy which bypasses 2-DE altogether, because it is 
considered a relatively slow and tedious process, and 
because of perceived difficulties in extracting proteins 
from the gel matrix for analysis. However, 2-DE as a . 
starting point for proteome analysis has many advan- 
tages compared to other techniques available today. The 
most significant strengths of the 2-DE-MS approach 
include the relatively uniform behavior of proteins in 
gels, the ability to quantify spots and the high resolution 
and simultaneous display of hundreds to thousands of 
proteins within a reasonable time frame. 

A schematic diagram of a typical procedure of the identi- 
fication of gel-separated proteins is shown in Fig. 2. Pro- 
tein spots detected in the gel are enzymatically or chemi- 
cally fragmented and the peptide fragments are isolated 
for analysis, as already indicated, most frequently by MS 
or MS/MS. There are numerous protocols for the gener- 
ation of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice (28, 34] or digestion after electrotransfer out 
of the gel onto a suitable membrane ({29, 35-37] and 
reviewed in [38]). In most instances either technique is 
applicable and yields good results. The analysis of MS or 
MS/MS data is an important step in the whole process 
because MS instruments can generate an enormous 
amount of information which cannot easily be managed 
manually. Recently, a number of groups have developed 
software systems dedicated to the use of peptide MS 
and MS/MS spectra for the identification of proteins. 
Proteins are identified by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra of individual peptides with data con- 
tained in DNA or protein sequence databases. 

The systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by narrow bore or capillary liquid chromatog- 
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rts^iuc 2. Schematic diagram of a procedure for identification of gel- 
separated proteins. Peptides can either be separated by a technique 
such as LC or CE, or infused as a mixture and sorted in the MS. Data- 
base searching can either be performed on peptide masses from an 
MS spectrum, peptide fragment masses from CID spectra of peptides, 
(ir a combination of both. 



raphy [39, 40] or capillary electrophoresis (41), the anal- 
ysis of the separated peptides by electrospray ioniza- 
tion (ESI) MS/MS, and the correlation of the generated 
peptide spectra with sequence databases using the 
SEQUEST program developed at the University of Wash- 
ington (32, 33). TThe system automatically performs the 
following operations: a particular peptide ion character- 
ized by its mass-to-charge ratio is selected in the MS out 
of all the peptide ions present in the system at a parti- 
cular time; the selected peptide ion is collided in a colli- 
sion cell with argon (collision-induced dissociation, 
CID) and the masses of the resulting fragment ions are 
determined in the second sector of the tandem MS; this 
experimentally determined CID spectrum is then corre- 
lated with the CID spectra predicted from all the pep- 
tides in a sequence database which have essentially the 
same mass as the peptide selected for CID; this correla- 
tion matches the isolated peptide with a sequence seg- 
ment in a database and thus identifies the protein from 
which the peptide was derived. There are a number of 
alternative programs which use peptide CID spectra for 
protein identification, but we use the SEQUEST system 
because it is currently the most highly automated pro- 
gram and has proven to be successful, versatile and 
robust. 



required. As an approximate guideline, for samples con- 
taining tens of picomoles of peptides, LC-MS/MS is 
rnost appropriate; for samples containing low picomole 
amounts to high femtomole amounts we use capillary 
LC-MS/MS; and for samples containing femtomoles or 
less, CE-MS/MS is the method of choice. 

3.3.1 LC-MS/MS 

The coupling of an MS to an HPLC system using a 
0.5 mm diameter or bigger reverse phase (RP) column 
has been .described in detail [42]. This system has several 
advantages if a large number of samples are to be ana- 
lyzed and all are available in sufficient quantity. The 
LC-MS and database searching program can be run in a 
fully automated mode using an autosampler, thus maxi- 
mizing sample throughput and minimizing the need for 
operator interference. The relatively large column is 
tolerant of high levels of impurities from either gel prep- 
aration or sample matrix. Lastly, if configured with a 
flow-splitter and micro-sprayer [40], analyses can be per- 
formed on a small fraction of the sample (less than 5%) 
while the remainder of the sample is recovered in very 
pure solvents. This latter feature is particularly useful 
when an orthogonal technique is also used to analyze 
peptide fractions, such as scintillation of an introduced 
radiolabel, and this data can be correlated with peptides 
identified by CID spectra. 

3.3.2 Capillary LC-MS 

An increase of sensitivity of approximately tenfold can be 
achieved by using a capillary LC system with a 100 pm ID 
column rather than a 0.5 mm ID column as referred to 
above.. Since very low flow rates are required for such 
columns, most reports have used a precolumn flow split- 
ting system for producing solvent gradients. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables the formation 
of reproducible gradients at very low flow rates (low 
nL/min) without the need for flow splitting (A. Ducret 
et.al., submitted for publication). Using this capillary 
LC-MS/MS system we were able to identify gel-separat- 
ed proteins if low picomole to high femtomole amounts 
were loaded onto the gel [40]. This system is as yet not 
automated and, like all capillary LC systems, is prone to 
blockage of the columns by microparticulates when ana- 
lyzing gel-separated proteins. 



3.3 Protein identification by LC-MS/MS, capillary 
LC-MS/MS and CE-MS/MS 

It has been demonstrated repeatedly that MS has a very 
high intrinsic sensitivity. For the routine analysis of gel- 
separated proteins at high sensitivity, the most signif- 
icant challenge is the handling of small amounts of 
sample. The crux of the problem is the extraction and 
transferal of peptide mixtures generated by the digestion 
of low nanogram amounts of protein, from gels into the 
MS/MS system without significant loss of sample or 
introduction of unwanted contaminants. We employ 
three different systems for introducing gel-purified sam- 
ples into an MS, depending on the level of sensitivity 



3.3.3 CE-MS/MS 

The highest level of sensitivity for analyzing gel-sep- 
arated proteins can be achieved by using capillary elec- 
trophoresis - mass spectrometry (CE-MS). We have de- 
scribed in the past a solid-phase extraction capillary elec- 
trophoresis (SPE-CE) system which was used with triple 
quadrupole and ion trap ESI-MS/MS systems for the 
identification of proteins at the low femtomole to sub- 
femtomole sensitivity level (43, 44]. While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has hot been automated. In order to devise an 
analytical system with both the sensitivity of a CE and 
the level of automation of LC, we have constructed 
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microfabncated devices for the introduction of saniples 
into ESI-MS for high-sensitivity peptide analysis. 

The basic device is a piece of glass into which channels 
of 10-30 \im in depth and 50-70 \im in diameter are 
etched by using photolithography/etching techniques 
similar to the ones used in the semiconductor mdustry. 
(A simple device is shown in Fig. 3). The channels are 
connected to an external high voltage power supply [45]. 
Samples are manipulated on the device and off the 
device to the MS by applying different potentials to the 
reservoirs. This creates a solvent flow by electroosmotic 
pumping which can be redirected by changing the posi- 
tion of the electrode. Therefore, without the need for 
valves or gates and without any external pumping, the 
flow can be redirected by simply switching the position 
of the electrodes on the device. The direction and rate of 
the flow can be modulated by the size and the polarity 
of the electric field applied and also by the charge state 
of the surface, . 

The type of data generated by the system is illustrated in 
Fig. 4, which shows the mass spectrum of a peptide sample 
representing the tryptic digest of carbonic anhydrase at 
290 fmol/^L, Each numbered peak indicates a peptide suc- 
cessfully identified as being derived from carbonic an- 



Figure 3. Schematic illustration of a 
microfabricaied analytical system for CE. 
consisting of a micromachined device, 
coated capillary electroosmotic pump, 
and microelectrospray interface. The 
dimensions of the channels and reservoir 
are as indicated in the text. The channels 
on the device were graphically enhanced 
to make them more visible. Reproduced 
from 145], with permission. 



hydrase. Some of the unassigned signals may be chemical 
or peptide contaminants. The MS is programmed to auto- 
matically select each peak and subject the peptide to CID. 
The resulting CID spectra are then used to identify the 
protein by correlation with sequence databases. Therefore, 
this system allows us to concurrently apply a number of 
protein digests onto the device, to sequentially mobilize 
the samples, to automatically generate CID spectra of 
selected peptide ions and to search sequence databases 
for protein identification. These steps are performed auto- 
matically without the need for user input and proteins can 
be identified at very low femtomole level sensitivity at a 
rate of approximately one protein per 15 min. 

3.4 Assessment of 2-DE-MS proteome technology 

Using a combination of the analytical techniques de- 
scribed above we have identified the 80 protein spots 
indicated in Fig. 5. The protein pattern was generated by 
separating a total of 40 microgram of protein contained 
in a total cell lysate of the yeast strain YPH499 by high 
resolution 2-DE and silver staining of the separated pro- 
teins. To estimate how far this type of proteome analysis 
can penetrate towards the identification of low abun- 
dance proteins, we have calculated the codon bias of the 
genes encoding the respective proteins. Codon bias is a 
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Figure 4. MS spectrum of a tryptic digest 
of carbonic anhydrase using the microfa- 
bricated system shown in Fig. 3. 290 
fmol/pL of carbonic anhydrase tryptic 
digest was infused into a Finnigan LCQ 
ion trap MS. Each peak was selected for 
CID, and those which were identified as 
containing peptides derived from car- 
bonic anhydrase are numbered. Repro- 
duced from (451, with permission. 
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liKiirc 5. 2-DE separation of a lysate of yeast cells, with identified proteins tiighlighted. The first dimension of separation was an IPG from 
pll 3-10, and the second dimension was a IO%T SDS-PAGE gel. Proteins were visualized by silver staining. Further details of experimental 
pr(>ccdures are included in S. P. Gygi el aL (submitted). 



calculated measure of the degree of redundancy of trip- 
let DNA codons used to produce each amino acid in a 
particular gene sequence. It has been shown to be a 
useful indicator of the level of the protein product of a 
I>articular gene sequence present in a cell [46]. The gen- 
oral rule which applies is that the higher the value of the 
codon bias calculated for a gene, the more abundant the 
protein product of that gene becomes. The calculated 
codon bias values corresponding to the proteins identi- 
fied in Fig. 5 are shown in Fig. 6b. Nearly all of the pro- 
teins identified (> 95%) have codon bias values of > 0.2, 
indicating they are highly abundant in cells. In contrast, 
codon bias values calculated for the entire yeast genome 
(Fig. 6a) show that the majority of proteins present in 
ihe proteome have a codon bias of < 0.2 and are thus of 
low abundance. 

This finding is of considerable importance in our assess- 
ment of the current status of proteome analysis technol- 
ogy. It is clear that even using highly sensitive analytical 
techniques, we are only able to visualize and identify the 



more abundant proteins. Since many important regula- 
tory proteins are present only at low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in the anal- 
ysis of proteomes containing many more proteins than 
the approximately 6000 gene products present in yeast 
cells [16]. In the analysis of, for example, the proteome 
of any human cells, there are potentially 50000-100000 
gene products (471. Inherent limitations on the amount 
of protein that can be loaded on 2-DE, and the number 
of components that can be resolved, indicate that only 
the most highly abundant fraction of the many gene 
products could be successfully analyzed. One approach 
that has been employed to circumvent these limitations 
is the use of very narrow range immobilized pH gradient 
strips for the first-dimension separation of 2-DE (48). 
Since only those proteins which focus within the narrow 
range will enter the second dimension of separation, a 
much higher Sample loading within the desired range is 
possible. This, in turn, can lead to the visualization and 
identification of less abundant proteins. 
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Figure 6. Calculated codon bias values for yeast proteins. (A) Distribu- 
tion of calculated values for the entire yeast proteome. (B) Distribu- 
tion of calculated values for the subset of 80 identified proteins also 
sho^yn in Figs. 1 and 5. Further details of experimental procedures are 
included in S. P. Gygi et al. (submitted). 



4 Utility of proteome analysis for biological 
research 

For the success of proteomics as a mainstream approach 
to the analysis of biological systems it is essential to 
defme how proteome analysis and biological research 
projects intersect- Without a clear plan for the implemen- 
tation of proteome-type approaches into biological re- 
search projects the full impact of the technology can not 
be realized. The literature indicates that proteome anal- 
ysis is used both as a database/data archive, and as a bio- 
logical assay or biological research tool. 



4,1 The proteome as a database 



The use of proteomics as a database or data archive 
essentially entails an attempt to identify all the proteins 
in a cell or species and to annotate each protein with the 
known biological information that is relevant for each 
protein. The level of annotation can, of course, be exten- 
sive. The most common implementation of this idea is 
the separation of proteins by high resolution 2-DE, the 
identification of each detected protein spot and the 
annotation of the protein spots in a 2-DE gel database 
format- This approach is complicated by the fact that it is 
difficult to precisely define a proteome and to decide 
which proteome should be represented in the database. 
In contrast to the genome of a species, which is essen- 
tially static, the proteome is highly dynamic. Processes 
such as differentiation, cell activation and disease can all 
significantly change the proteome of a species. This is 
illustrated in Fig- 7. The figure shows two high-resolu- 
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tion 2-DE maps of proteins Isolated from rat serum. 
Fig- 7 A is from the serum of normal rats, while Fig. 7B 
is from the serum of rats in acute-phase serum after 
prior treatment with an innammation-causing agent [49). 
It is obvious that the. protein patterns are significantly 
different in several areas, raising the question of exactly 
which proteome is being described. 

Therefore, a comprehensive proteome database of a spe- ' 
cies or cell type needs to contain all of the parameters . 
which describe the state and the type of the cells from . 
which the proteins were extracted as well as the software 
tools to search the database with queries which refiect 
the dynamics of biological systems. A comprehensive 
proteome database should be capable of quantitatively 
describing the fate of each protein if specific systems 
and pathways are activated in the cell. Specifically, the 
quantity, the degree of modification, the subcellular loca- 
tion and the nature of molecules specifically interacting 
with a protein as well as the rate of change of these 
variables should be described. Using these admittedly 
stringent criteria, there is currently no comlete proteome 
database. A number of such databases are, however, in 
the process of being constructed. The most advanced 
among them, in our opinion, are the yeast protein data- 
base YPD (50) (accessible at http://www-ypd-Com) and 
the human 2D-PAGE databases of the Danish Centre 
for Human Genome Research [12] (accessible at http:// 
biobase.dk/cgi-bin/celis). While neither can be con- 
sidered complete . as not all of the potential gene pro- 
ducts are identified, both contain extensive annotation 
of supplemental information for many of the spots 
which are positively identified in reference samples. 

4.2 The proteome as a biological assay 

The use of proteome analysis as a biological assay or 
research tool represents an alternative approach to inte- 
grating biology with proteomics. To investigate the state 
of a system, samples are subjected to a specific proceess 
that allows the quantitative or qualitative measurement 
of some of the variables which describe the system. In 
typical biochemical assays one variable (e.g., enzyme 
activity) of a single component {e.g., a particular en- 
zyme) is measured. Using proteomics as an assay, mul- 
tiple variables (e.g., expression level, rate of synthesis, 
phosphorylation state, etc.) are measured concurrently 
on many (ideally all) of the proteins in a sample. The 
use of proteomics as an assay is a less far-reaching prop- 
osition than the construction of a comprehensive pro- 
teome database. It does, however, represent a pragmatic 
approach which can be adapted to investigate specific 
systems and pathways, as long as the interpretation of 
the results takes into account that with current technol- 
ogy not all of the variables which describe the system 
can be observed (see Section 3.4). 



A common implementation of proteome analysis as a 
biological assay is when a 2-DE protein pattern gener^ 
ated from the analysis of an experimental sample is 
compared to an array of reference patterns representing 
different states of the system under investigation. The 
state of the experimental system at the time the sample 
was generated is therefore determined by the quantita- 
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live comparative analysis of hundreds to a few thousand 
proteins. Comparative analysis of the 2-DE patterns fur- 
thermore highlights quantitative and qualitative differ- 
ences in the protein profiles which correlate with the 
state of the system. For this type of analysis it is not 
essential that all the proteins are identified or even visu- 
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alized, although the results become more informative as 
more proteins are compared. It is obvious, however, that 
the possibility to identify any protein deemed character- 
istic for a particular state dramatically enhances this 
approach by opening up new avenues for experimenta- 
tion. 
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Figure 7. High resolution 2-DE map of proteins isolated from rat serum with or without prior exposure to an inflam- 
mation-causing agent. (A) normal rat serum, (B) acute-phase serum from rats which had previously been exposed to 
an inflammation-causing agent. The first dimension of separation is an IPG from pH 4—10, and the second dimen- 
sion is a 7.5-1 7. 5%T gradient SDS-PAGE gel. Proteins were visualized by staining with amido black. Further details 
of experimental procedures are included in [U. 491. 
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Proteome analysis as a biological assay has been success- 
fully used in the field of toxicology, to characterize 
disease states or to study differential activation of cells. 
The approach is limited, of course, by the fact that only 
the visible protein spots are included in the assay, and it 
is well known that a substantial but far from complete 
fraction of cellular proteins are detected if a total cell 
lysate is separated by 2-DE. Proteins may not be 
detected in 2-DE gels because they are not abundant 
enough to be visualized by the detection method used, 
because they do not migrate within the boundaries (size, 
pi) resolved by the gel, because they are not soluble 
under the conditions used, or for other reasons, 

A different way to use proteome analysis as a biological 
assay to define the state of a biological system is to take 
advantage of the wealth of information contained in 
2-DE protein patterns, 2-DE is referred to as two-dimen- 
sional because of the electrophoretic mobility and the 
isoelectric points which define the position of each pro- 
tein in a 2-DE pattern. In addition to the two dimen- * 
sions used to generate the protein patterns, a number of 
additional data dimensions are contained in the protein 
patterns. Some of these dimensions such as protein 
expression level, phosphorylation state, subcellular loca- 
tion, association with other proteins, rate of synthesis or 
degradation indicate the activity state of a protein or a 
biological system. Comparative analysis of 2-DE protein 
patterns representing different states is therefore ideally 
suited for the detection, identification and analysis of 
suitable markers. Once again it must be emphasized that 
in this type of experiment only a fraction of the cellular 
proteins is analyzed. Since many regulatory proteins are 
of low abundance, this limitation is a concern, particu- 
larly in cases in which regulatory pathways are being 
investigated. 

5 Concluding remarks 

In this report we have addressed three main issues 
related to proteome analysis. First, we have discussed 
the rationale for studying proteomes. Second, we have 
assessed the technical feasibility of analyzing proteonies 
and described current proteome technology, and third, 
we have analyzed the utility of proteome analysis for bio- 
logical research. It is apparent that proteome analysis is 
an essential tool in the analysis of biological systems. 
The multi-level control of protein synthesis and degrada- 
tion in cells means that only the direct analysis of 
mature protein products can reveal their correct identi- 
ties, their relevant state of modification arid/or associa- 
tion and their amounts. Recently developed methods 
have enabled the identification of proteins at ever- 
increasing sensitivity levels and at a high level of auto- 
mation of the analytical processes, A number of tech- 
nical challenges, however, remain. While it is currently 
possible to identify essentially any protein spots that can 
be visualized by common staining methods, it is ap- 
parent that without prior enrichment only a relatively 
small and highly selected population of long-lived, 
highly expressed proteins is observed- There are many 
more proteins in a given cell which are not visualized by 
such methods. Frequently it is the low abundance pro- 
teins that execute key regulatory functions. 



We have outlined the two principal ways proteome anal- 
ysis is currently being used to intersect with biological 
research projects: the proteome as a database or data 
archive and proteonrie analysis as a biological assay. Both 
approaches have in common that at present they are con- 
ceptually and technically limited. Current proteome data*, 
bases typically are limited to one cell type and one state 
of a cell and therefore do not account for the dynamics 
of biological systems. The use of proteome analysis as a 
biological assay can provide a wealth of information, but 
it is limited to the proteins detected and is therefore not 
truly proteome-wide. These limitations in proteomics are 
to a large extent a reflection of the fact that proteins in 
their fully processed form cannot easily be amplified and 
are therefore difficult to isolate in amounts sufficient for 
analysis or experimentation. The fact that to date no 
complete proteome has been described further attests to 
these difficulties. With continued rapid progress in pro- 
tein analysis technology, however, we anticipate that the 
goal of complete proteome analysis will eventually 
become attainable. 
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comprehensU set of gene-disease «»"«"«"«f 
v»e ta«s developed a novel approach to assess the stren^ of 
^i^LdatloS^based on the ftequency of citation andco- 
dtaaon. We apptted this tool to help interpret the date from a 
large inlcfD-array gene expression experiment comparing 
normal and cancerous breast tissue. 



Methods 



MedGene Database. MedGene is a relational database, stbr- 
bmdLse and gene Informadon from NCBI. text mining re- 
sSts^tlcal scores, and hyperlinks to the prlmaiy Ut- 
Attire. MedGene has a web-based user interfej^ to 
queiy the database (http://hlpseq.mediuirvard.edu/MedGene/). 

Text Mining Algorithms. MeSH files were downloaded from 
d« Meaiwrtsite at NIM (Nation Ubn«yofM<Jldne) Oj^f 
www.nlm.nlh.gpv/mesh/meshhome.html) andhumandb^ 
«Zories were selected. LocusUnk files were downloaded from 
STSSIS ^ site at NCBI (ht.p://www.ncblxUh.gov/ 
LocusUnk/). Offldal/preferted gene symbol, offldal/prefertej 
Bene name, and gene altematWe symbols and names. aU 
SJ^otatlo«andUW.sforeachLocusUnk«^^ 
™Sd.GeneseanA terms were used Ibrlitemtoiresear^ 
and included an qualified gene names, gene symbols, and gene 
SmlwS Primaiy gene keys, predominantly qualified gene 
olBdal/preferred ^Is. w«, ^ 
to index Inline records. If theomclal/preferredgefie qmbols 
l iS^iSthestandanls to bean lnd«. then qud l^^ 
oflldal/prefferred names v«re used. A local copy of Medline 
recoitls (up to July. 20(B) was pre-selected. 

A JAVA module examined the MeSH terms and then indexed 
each Medline record with the appmpHate J 
separate JAVA module was used to examine Oie tides and 
for gene search terms and then to index die gene- 
related MedUne recoids with the relevant primary gene keyfe). 

Statistical Methods. For every gene and disease pair, we 
counted reconls that were indexed for toth gene a^^^^ 
(double posltwe hits), for disease only (disease single hte). for 
gene onlyfeene single hits), and for neither gene nor dbeaa 
(SSble iq^ve hits) to generate a 2 x 2 contingency tabte. 
On die ba^ of the contingency table-framework, we appUed 
dUreient statistical methods to estimate the straigtii of gene- 
disease relationships and evaluated the results. "D^^^^ 
included chl-square analysis. Fisher's exact probabiUti^. reto- 
tlve risk of gene, and relative risk of disease" (http^/ 
hl^.medJ.«vanl.edu/MedGene/). In addition/^ 
Product of frequency-, which Is the product of the 
Zp^n of disease/gene double hits to disease single hits 
Snd ttie proportion of disease/gene double Wis to goie rin^ 
hits To obtata a normal distribution, we transformed aU *e 
JSsSa? scores using ti,e natural logarithm. We sel«:ted the 
SofO«pnxluctoffrequen<y(LPF) to validate MedGene and 

to use for the analysis with die micro-array data. Spearman 
rank-correlation coefficients were used to a«ess the linear 
relationship between LPF and micro-array fold change In 
expression level. . 

Global Analysis. Diseases vritii at least 50 related genes were 
selected for clustering analysis, and the LPF scores were 
normalized witii total score for each disease. Hierarchtail 
Sring was done wltii the "Cluster" software and the 
clustering result was visualized using "TreeViewer (http:// 
rana.ibl.gov/EisenSoftware.htm). 
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Huetal. 

Breast Tissue Mlcro-Anrnya. Eighty-nine breast canttr 
samoles (79% ER-poslttve) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen tissue 
reposltoiy and were representative of the spectrum of histo- 
logical hrpes. grades, and hormone receptor taunufio-pheiio- 
traes of breast cancer. Blottiiylated cRNA. generated from the 
toSl RNA extracted from ttie bulk tum». was hybridized to 
AfFymetrix U95A ollgo-nudeotlde mlcfo-arrajfs. These micro- 
arrays consist of 12 400 probes, which represent approxlmat^ 
9000 genes, tew eiqpnssldii values vwaeobtiilned usIngtSENE- 
CHIP software from Alfymetrix. and then ftuther analyied using 
the DNA-Chlp Analyzer (tlCWp) curtom software. 

Results 

Automated Indexing of Medline Reconb by Disease and 
Gene. To study tiie gene-disease assodattons In ti* Uterature. 
we first compiled complete lists for human diseases and human 
eenes. To Index aU Medline records tiiat were relevant to 
human diseases. Oie Medical Su^ect Heading (MeSH) index 
of Medltec »»«ls v«s utiMzed. MeSH Is a controlled medical 
vocabulary from die National Ubtaiy of Medldne and coralsts 
of a set of terms or siiyect headings that are arranged In botti 

an alphabetic and an hierarchical structure. Medline rKords 
are reviewed manually and MeSH terms are added to each with 

software assistance."* TwenQf-Oiree human disease category 
headlho along vritti afl of tiielr child terms ($ee the Supporting 
InftSon. Suppl«nental Table 1. or visit http://hlpseq. 
med.harvard.edu/MedGene/pubUcation/sLTBbl6 1 Jitml) wwe 
selected from die 2002 MeSH Index creating a list of 4033 
human diseases. 

No index comparable to tiie MeSH Index exists for gpnes. 
and tiius. It was necessary to apply a string sear* algortUim 
for gene names or symbols found In Medline text A comply 
list of genes, gene names, gene symbols, and ftequentiy used 
synoriy^is were coUected from the UKUsUnk datab^ at 
NCBI '••'» which contains 53 259 Independent records keyed 
by an' official gene symbol or name Oune 18*. 200Z). For the 
pwposes of this stutty. no dbtfnction vras made between geijes 
and their gene products. Authora often use ttie same name for 
botfi. differentiating the two only by tiie use of italics. If at all. 
For the Intended use of tills study, tills lack of distinction is 
unlikely to have a large efiiect and may In liact be beneficial. 

Initial attempts to search tt»e Uterature using tiiese lists 
revealed several sources of false positives and false negatives 
(Table I) False positives primarily arose when tiie searched 
term had oflier meanings whereas false negatives arosetrom 
syntax discrepancies necessitating the development of filtere 
to reduce tiiese errors. The syntax Issues were readily handled 
by Including alternate ^tax forms In die search terms. The 
false positive cases, caused by duplicative and unrelated 
meanings for die terms, were more difficult to manage. Where 
possible, case sensitive string mapping reduced Inappropriate 
citations. In many cases, hovrever. this was not sufficient and 

the terms had to be eUmlnated entirely, tiiereby reducing the 
false positive rate but unavoidably under-representing some 
genes. 

For the purposes of data tracking, a primary gene key was 
selected to represent all synonyms ttiat correspond to each 
gene MedUne reconis were Indexed vritti a primary gene key 
when any syhonym for tiiat key was found In the title or 
abstract Case-insensitive string mapping was used for all 
searches except as noted above. No additional weight was 



AnafysiM of Data Using Advanced Uteratim hOnlng 

i, sv^lmatlc Sources of False Positives and False Negatives In Unfiltered Data> 
souiceofaTor enortype 



gene symbol/name 
is not unique 

gene symbol Is 

unielated abbreviation 
gene syrni>ol/namc 

has language meaning 
nonstandard syntax 
unofficial gene name/symtx)i 
nonspedflcd gene name 



felse positive 

false positive 

~folse positive 

false negative 
fiabe negative 
false negative 



MAC?-myeUn 

associated glycoprotein 
M-4C-nnaUgnancy-assoclated 

protein ^ ^ 

fi4-pallld iiomolQgue (mouse). 

palUdln (also abbrcv. for Pennsylvania) 
iV^WIskott-Aldrlch Syndrome - 

(also tlw word "was") 
jBE4C-i Instead of BACi 
P53 Instead of 
estrogen receptor Instead of 

Estrogen receptor 1 



research articles 

niter solution 
eliminate this term 

eliminate this term 
case-sensitlye.saring search 

adddashterm 

add all gene nicknames 

add fiunily stem term 



* .•^rfi«««^andihefesiiItlngoutputv«scvaluatcd 
. . M*Hiinewaa searched for co-occuirence of g^ 

added for multiple occurrences of a term the co-«^^ 

.d«£j^ as the offldal/p^ferred gene symboKUje 
'Xal/prefcn«l gene nan«^aU gene nickname ajrfa^^ 
^SbTln situations where there are several manbers of a 
ZrSX or splice variants, some authors prefer to use a 
SSSeSifeinllyname.e.g..estrogen,e«^t«b^ 
SJogen»«eptorl(£S/?/).c«atingasourceoffalsen^tt^^ 
Sftta reason, gene family stem 

Lnes that have an alpha or numerical sufBx(e.g..iI^ rcJ?r. 
K S «S then used to search the Wteraturejl|e famfly 
^'Ss^em handled separately from the spedflc gene 
SLloLt it would be dear when "|*f8« ™* *° 
ftanlly ve«us a spedflc member in that 
t5 improve perfbrmance and accuracy, some ^f>«cd°" 
v«B amSSlo tt« records that were scamied. First, review 
^c2%I«e eliminated to avoid redundant tr^tment 
Sarns^nd. non-Engllsh journals were removed to^ 

natural language Alters were only relevant to En^ 
^blStlons. FlSJ. joumals unlikely to contain dm 
S»ut «sne-dlsease relationships were also removed (e.g.. bit 
fSSSJ^Sside Nune^ I Health Econ.). Together. 

Suced the 12 198 221 Medline pubUcadons Ouly 

^Ktfie Rdatlve Strengths of Gene-Disease Assoda- 
ttom tototal. there were 618 708 gene-disease co-dtat^ons. 
to wwS S% 8297) of all studied genes had been associa ed 
and 96% (3875) of all diseases hadbeen^octe^ 
M Bt l^one gene. To rank the relative strengths of gpne 
SsSir^tonSlps. we tested several different statistl«l 
SistJd ^ed the results. With the excepdon of the 
S^Trisk estimates, the methods provided similar results 
to the renk o«ler of the gene-disease assodaUon 
SeLIte^owever. after comparing the resute to othw 
Sb^ and after comulting disease experts, the log of the 
SSu^ frequency (LPF) was selected for further analysis 
because it nave the best results overall. 

Va^SiSon of MedGene. In developing this tool, it was 
imp^^t to mlnimtee the number of missed genes (fab« 
S^) and miscalled genes (false positives • However. In 
sSadoS when these goals were In conflict, ^-ff-^-^ 
orioritted. To determine the false negaOve rate In MedGene 
ESSt^Ker was used as a test case because it was ass^lated 
wto more genes than any other human disease and because 




Fioura 1. Estimation of the false negative rate by comparison 
wWihand^urated databases. The breast cancer^elated gwM 
Identified, by MedGene were compared v»lth those listed In 
several other databases Including the Tumor Gene Database 
ITGD)« the Breast Cancer Gene Database(BCG).' GeneCards 
(GO"' and Swissprot.'* Genes were considered false negatives 
f thev were represented In at least one of these other databases 
and not In MedGene and their link to breast cancer was sup- 
Mrtedl»y at least one literature refarence. All literature reference 

w«« vwlfled by manual review to conflmi their validity. The 
number of genes in eadi database or shared by more than one 
database Is Indteated. The false negative rate was. calculated by 
genes missed at MedGene (26)/total number of nonoverlapping 
genes in other databases (285). 

there were several public databases that link genes to breast 
cancer We compared the list of breast cancer-related genes 
from MedGene to these databases. Illustrated In Figure 1. 
Among the 285 dlstlntt breast cancer-related genes that were 
supported by at least one literature dtaUon in these hand- 
curated databases. 26 were absent from MedGene. suggesting 
a false negative rate of approximately 9%. To determine why 
these vrere missed, all literature references for these genes (80 
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papers) were ^viewed manuaBy (see the Supporting Irfbnna- 
SS! Supplemental Table 2. or vblt http^/hlpseq.n.ed. 
haivartLeduA4edGene/pubUcation/s.Table 2.htm0. Among 
these papers, most blsenegatWeswerecausedlV'»^ 
«ne Snw or gene terms eUmtaated by our spedficMgr IHters. 
Few genes were missed because they were only menttonrf In 
S^p^ (0.4%) ortheyappearedonlylnthebojrof the 
^^SJTbut not the abstract or tide (11%). Of note 
MedCJene Identified appro«lmately-2000.addlUonaL breast 
cancer-related genes not listed in any other database. 

To assess the fiilse positive error rate, two complementary 
approaches were used: a detailed analysis of orie disease and 
a riobal examination of 1000 diseases. The detailed approach 

oimlned ttie false positive error rate and its sources, whereas 
the global approach tested wheOier tiie overaU results made 
biomedical sense. ■ 

Using tiie LPF. 1467 genes related to prostate were 
assemWed In rank order. We thtn retrieved "PFO'^^^^^W 
Medlimj records each forthe high«trar&e^^ 

ranked 200 genes and "^^-'^'^^^^ 
abstracts to determine die verity of Oie association. Newty 80% 
of tt>e highest ranked 100 genes feU into one 

categories ti«t reflect meaningful 8«»e^«s«»!.'?^*^"«"St 
2^ Supporting Infbrmation.SupplementaiTable3. or visit 

hS>//hlpsVq.med.harvard.edu/MedGene/publicatlon/ 

s_Table 3J.tmI). Among d»e lowest ^J^^^^ 
proximately 70% reflected oue relationships. Of tiie 600 records 
2S.tf.ere were only two in which tins association btfween 

the gene and flie disease was described as negative. Bo* Avere 
genes with very low scores. In both cases, the autiiore «Ud n<n 
SS the ateence of an/ relationship, but rather tiiat a 
p^cutar feature of die gene or protein was not shown to be 

related to human (wostate cancer.'"* ^ , w 

The coincidence of some gene symboU witii medtad ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted in most of Ok false positives (see tt.e Supporting 
Wormatioa Supplemental Table 4 or htqpy/hi^ 
q.nKdJutfvard.edu/MedCtoie/pubHcation/sjrable 4J^tinD. 
phasidng ti»e importance of tfie Alters tfiat w«e 
Lrch ateoridun (ftble 1). Witt.out flie fUters. the false positive 
rate more dum doubled, and 0»e false negative rate rose 
dramatically (data not shown). For example, among ttie papers 
about breast cam«r. dHsre were on^r 12 MedUne ^coids du^ 
referred to ESRJ and 10 to ^'^^ «here» dmostMOO p^ 
mentioned estrogen receptor wltiiout specifying £SW or fiSRa 
tills latter group was detected by die family stem term niter. 

To further validate ttiese results, a global analysis of die gene- 
disease relationships described by MedGene was peribrmed. 
For tills experiment it vras reasoned tiiat ttie more clos^ 
related die diseases are to one anoOier. die more tiiey wUl be 
related to die same gene sets. Thus, if die relationships defined 
by MedGene accurately reflected Uie literature, dien an unsu- 
peivised hierarchical clustering of tiie gene data should group 
diseases in a manner consistent witii common medical Uiink- 
InR Conversely, if die clustered diseases do not make sense 
biologically or medically, it may reflect excessive false positives, 
false negatives, or inappropriate scoring of the data. 

To execute tills experiment, die gene sets and the corre- 
spondlngLPF values for 1000 randomly selected diseases (each 
wldi at least 50 gene relationships) were used as a dataset for 
clustering die diseases. A review of die results showed Oiat die 
resulting disease clusters were Indeed logical bseed upon 
common medical knowledge (see the Supporting Infontiatlon. 
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Supplemental Figure 1. or visit httpy/hlpseq.medJian/anlAlu/ 
MedGene/publlcation/aLFlgure LhtrnQ. For example, in one 
such cluster shown iri Figure 2. diabetes and its complications 
gitmped togedier and were also closely linked to diseases 
associated with starvation state*. 

The number of genes associated vridi a given disease can 
be estimated by acUusting die MedGene number up by die. Wse 
negative rate (~9%) and down by die false positive rate (~26% 
on average). Using tills, die average disease has 103.7 ± 45.3, 
fmran ± s.'d;) genes"ass6clated widi It. aldibogh the ringe is 
quite broad widi 2359 genes rdated to breast cancer. 2122 
genes related to lung caiicer and no genes related to a number 
of diseases. 

Applying MedGene to the Am^ysto of Large Datasets. Access 
to a comprehOTsive summary of die genes linked to human 
diseases pnwided an opportunity to aniiyze data obtained from 
a hlgh-dirou^put experiment We compared die MedGene 
breast cancer gene list to a gene expression data set generated 
from a micn>-arr^ analysis comparing breast cancer and 
nonnal breast tissue samples. Micro-anay analysis tdentifled 
2286 genes diat had greater diaii a l-^dd difference in mean 
expression level between breast cancer samples and nonnal 
breast samples. Using MedGene. vre sorted die 2286 genes into 
four classes: 555 genes dlrectiy linked to breast cancer In die 
literature by gene tenm search (first-degree association by gene 
name)- 328 genes dlrectiy linked by femlly term search (first- 
degree association by famUy term); 1021 genes linked to breast 
cancer only duou^ ottier breast cancer genes feecond-degree 

association): and 505 genes not previously associated with 
breast cancer. (See Oie Supporting Informatioa Supplemental 
Figure 2. or visit http-7/hlpseq.med.harvanl.edu/MedGene/ 
pubUcation/sLFigure 2.html.) Among die 505 previously un- 
reUted genes. 467 were eitiier newly identified genes or genes 
tiiat had not previously been associated vridi any disease. 
Among die remaining 38 genes. 9 had been related to other 
cancers. speclHcaUy esophageal, coloa uterine, skin, and cervix. 

To determine whether die genes hIghUghted by die mlcro- 
anay analysis were more Ukely to have been previously linked 

to breast cancer in die Uterature. vre created a two-dlmenilonal 
plot of the fold change of expression level betvreen breast 
cancer and normal tissue versus Oie literature score (LPF) 
(Figure 3A). There was a broad spread of expression changes 
among die genes dlrectiy linked to breast cancer ranging from 
less tiian 1-fold change (68%) to over 40:fold (0.3%). Notably, 
die majority of genes virldi greater tiian 10-foId expression 
changes were linked to breast cancer by flrst-degree assocla-, 
tion. 

Among an 754 genes dlrectiy linked to breast cancer In the 
literature, diere vras no correlation between LPF and mlcro- 
anay fold change (r- 0.018. p-value = 0.62). Hovrever. when 
we stratified the analysis based on die magnitude of die fold 
change, we observed an Increasing trend in correlation (Figure 
3B) suggesting tiiat genes witii a more substantial change In 
expression level vrere more likely to have a strongpr association 
In tiie literature. For genes that had 10-fold change or more in 
expression level, the conelation Increased to 0.41 (p-value = 
0.05). 

When we evaluated the micro-array data sqiarately for ER 
positive and ER negative tumors, die trend in correlation 
between fold change and literature score was highly dependent 
on estrogen receptor status. Interestingly, diere was a similar 
trend In correlation for ER positive tumors, but no trend In 
con«lation for ER negative tumors. 
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Caxflaokl«vlru« In£Mtions 
Ob««ity In Diabetes 
Diabetic Ketoacidosis 
Qluoose XntoXeranoe 

Diabetes MeXlitus. Hon- Insulin-Dependent 

Diabetes Mellitus, insulin-Dependent 

Pregnancy in Dieibetics 

Diabetic Retinopatby 

Diabetic Angiopatbies 

Diabetic Neuropatbies 

Glycosuria 

Byperinsulinism 

Byper insul inemia 

Hypoglycemia 

Byperglyeemia 

Diabetes Mellitus « Experimental 
Diabetes Mellitus 
Diabetes r deetational 
--ffEafwEToS 
Jaundice, Neonatal 

Brain Edema 
Pulinonary Edema 
Nutrition Disorders 
Kwashiorkor 
Critical Illness 
Bums 

Diabetic Haphropatbies 
Albuminuria 
Insulinoma 




Flgun. 2. G.ob3.v,nda,.onby Clustering analysis. 2(A).T.^^ 

at least 50 gene relationships, were used " ""'"Pf^'^J^^^^^^^^ Diabetes 
them.Asampleofthe data IS shown here. 2(B). One of*ei^«^ch^^^ ^ Is also clustering of 

harvard.edU/MedGene/pubHcatIon/s.Flgure l.html). . 
LPF scores generated by MedGene for hypertension, a sion. 
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Microarray Fold Change (Cancer/Normal) 




Mlcroarray Fold Change 



ngur. 3. Re.a«onsH,p between meratun, score and -^-ona. for^^^^^^ 

for bn«st tuSwrs and normal breast ^'^^Tfr^^^^'^^ TgJSthe HteraturT score for the sanr» gene set^ 
wmwtnd nomwil sample (cutoff a 3-fold change). The told*an^^« J^J^^ association by family search and red 

rvl»n dots reoresent first-degree association by gene search. reflected by a substantial difference In 

d^JeSSent'^aTsoclatloa Some well-studied 9«"«' «^ ^^^.j^Ti^'J,^^^ less than 10-fold 

SS^I^Se^urthemu.re, the majority of genes that ""f^'»"2" .'^^^^^^ n^ature score (LPF) and the fold change 

^x^SS STanges (shaded area). 3B. The Spean^an^an^^^^^ ^ «P««|°2j|r ' 

of Wression level between tumor nonjia^^ast^mptes ^^^^^^ CorrBlatlons were also computed between 

r.SeTx?;ir d«; rng es^og^ receptor poslUve tumors only Ol^t blue) and 

estrogen receptor negative tumors only (purple). 
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Table 2. Top 25 Genes Related to Selected Human Diseases' 



breast neoplasms 

estrogen receptor 

PGR 
ERBB2 
BRCAl 
BRCA2 
EGFR 
CYP19 
TFFl 
PSEN2 
TPS3 

CESS. 
CBACAM5 

ERBBS 
cydln 
COXSA 
cathepsln 
ERBB4 

TRAM 

CCNDI 
EOF 
MUCl 

insulin-like 
BCL2 

mudn 
PGF3 



hypertension 
REN 



LEP 
ACT 
INS 

kaUlkreln 

ACE^ _ 
endothelln 
510046 
SDK 

DIANPH 
SARI 

PJH 

CDS9 

ALB 

CYPS1B2 
MAT2B 
angiotensin 
receptor 

AOtm 
NPPA 

im 

DBH 
NPr 

POMC 

neuropeptide 



rheumatoid arthritis 
RA 

TNFRSFIOA 
CRP 
AS 
ESR! 

HLA'DRBI 
DRl 

Ihterieukln 

TNF 

JL6 

collagen 
ILIA 

ACR 

TNFRSF12 
HZ 

CHI3L1 
IL8 

Interleukln 1 
matrix 

metalloprotelnase 

interferon 

CD68 

OA 
ILI7 

MMP3 
SIL 



bipolar disorder 

ERDAI 
SNAP29 
PFKL 
DRD2 

mi 

IMPA2 
HTR3A 
DRD3 



KCNN3 

DRD4 . 
HTR2C 

RELN 

DBH 

MAOA 

COhTT 

KmA 

SYNJl 

INPPl 

NEDD4L 

FRAiSC 

transducer of 

EIW2 

BAIAP3 

ATTIBS 
DRDS 



research articles 



atherosclerosis 
apoU^oproteln. 

LDLR 

ELN 

ARCI 

APOB 

APOAI 

MSRI 

LPL 

PONl 

plasminogen 
activator Inhibitor 
PUG 

vascular cell 
adhesion molecule 

Atom 

VWF 

INS 

ARG2 

ABCAl 

OLRI 

collagen 

MCP 

U^ogfoteln 

intercellular 
adhesion molecule 
RAB27A 



FGF3 repcp _,_„,^^KHH* MoobrdJsonler.andBtherosclerosto.respec^^ 



nnked 
MedGene/). 



Discussion 



The Human Genome Project heralded a new era 
resSch^ the emphasis on understanding spedBc path- 
S^L«^nded to Slobal studies of genomic o.ff«^ 
At^i^l svstens Hlgh-thioudiput technologies can 

STalso introduces new chaUenges. The utility of th«e 
tedmoiogles IS limited to the abfflty to generate. ana^TO. «^ 
I^«t lan« Rene lists. MedGerie. a relational database 
SJby^J^ informatton In Medline, was 
SressSto need. MedGene users can quenr^for a 
Minfhuman aene-dlsease rdatlonshlps (Table 2) for one or 
mo« hyperilnked to the original papers 

^^^S^cTSSon Sto other relevant databases. 

MedGene Is an ImiovaUve extension of previous textniln^ 
approaches. Perez-tetxeta et aL used the GO annotation and 
SSrSwrnosomal locations to predict genes that may con- 
SSiteS^taSed disonlers.* MedGene takes a broader view 
J^^^nduteiU dlLses and aU possible gene-disease relation- 
's FuS-oSce^^ 

Sonshlp rather than GOamiotatlon.whlchls limited to the 
Steet of genes that have GO annotatton. Our approach Is 
^SemeSry to that taken by Chaussabel and Sher. who 
^^CSu-^ of co-dted terms to cluster genes Into a 
hierarchy of gene-generelaUonshlps. 

A unique aspect of this tool Is the ability to asses the relative 
strengtii of ge^-dlsease relationships based on ftequenq^ 
orboth^OMdtatlon and single citation. -^^P^^^^'^ 
mwt co-cltatlons describe a positive association, often refenred 
to" publication bias" and Is supported by our observations 



that negative associations are tare (Supplemental Table 3: 
http://hlpseq.med.harvard.edu/MedGene/publlcation/s.Ta- 

ble Ihtriil). Of course, relationships established lv ft«|uency 
orco<ltatton do not necessarily represent a true blologteal llnK: 
hovrever. It Is strong evidence to support a true relationship. 

Anotiier important feature of MedGene b the Implementa- 
tion of software filters that substantially reduced the error rate. 
We estimate that less d>an 10% of aU assodattons were missed 
and at least 70% of even the weakest assodaOons were real. 
For tills study. aU of tt»e fUters that we appUed were general 
ones. e.g.. expaiKlIng ttie list of aU gene names to address the 
dllferenf syntax forms used by different Journals, eliminating 
eene names that conespond to common English words, etc. 
THe majority of tiie remaining seart* term ambigultto were 
idiosyncratic and dIfBcult to Identify systematically without 
causing a significant rise in false negatives. Alternative ap- 
Droactws such as the examination of Uie nearest ndghbor 
terms, need to be considered to furtiier reduce the false positive 
rate 

It is not uncommon to see expression changes In mlcro- 
airay experiments as smaU as 2-fold reported In ttie literature. 
Even when these expression changes are statistically stgnlHcant 
it Is not always clear If they are blotoglcally meaningful. When 
comparing expression levels of disease to normal tissue, one 
expects an enrichment of known disease-related genes to 
appear In tiie altered expression group. MedGene providecl a 
unique opportunity to test tills notion In the context of existing 
knowledge on a novel breast cancer micro-array dataset. For 
eenes displswing a 5-fold change or less In tumors compared 
to normal, there was no evidence of a correlation between 
altered gene expression and a known role In the disease. This 
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Tabto 3. GeneJ with Large Expression Changes In ER- but 
Not In ER+ Breast Tunwis 



gmaymbol 



fold change 



fold change (ER-) 



BOSS 
DKKI 

zrcj 

7LR1 

KIAA0G80 

CDKN3 

GZMB 

STK18 . 
GPR49 
hfYOIO 
lADl 
P0LE2 
HMG4 
BOBLU 
LRP8 
CCNB2 
CCNE2 
FCB 
KNSL6 
HIF5 
SERPJNH2 
YAPI 
LPHB 
TCBA2 
TFFi 
C0U7A1 
^POPS 
BPAGi 
PDZKl 
VEGFC 
h4UC6 
SERPINA5 
MEISI 
CAIZ 



1.0 
1.2 
1.2 
1.9 
1.0 
2.6 
1.0 
4.0 
3.8 
4,7 
1.0 
1.6 
-1.0 
4.2 
4.4 
-1.2 
2.9 
1.0 
4.0 
-4.3 
2.9 
3.0 
4.6 
1.0 
-1.3 
-1.1 
1.3 
-4.1 
1.1 
-4.6 
-l.l 
-2.8 
-1.4 
-1.0 
-1.6 
2.4 



610.8 
89.4 
69.8 
59.6 
38.5 
33.2 
30.6 
27.9 
21.9 
18.6 
14.6 
14.4 
13.5 
13.0 
12.9 
12.3 
12.2 
11.8 
11.6 
11.1 
10.9 
102 
10.2 
10.0 
-10.4 
-10.8 
-11.4 
-15.7 
-16.2 
-22.3 
-36.8 
-51.5 
-64.9 
-83.1 
-85.9 
-150.3 



T.hte a MedGene Identiftoi a set of relatively understudied, yet higWy 
-Ji^L I?ER 1^ but not ER positive breast tumors. XB of 

JSSSSatHm except those marked with an . 

reflects the many ^es whose role In breast cancer may not 
involve large changes In expression In ^P^"^^^'"^^^ 
BRCAI and BRCA2i and genes whose modest changes in 
expression may be unrelated to the disease. Strikingly, arn^ 
senes with a 10-fold change or more in expression level, there 
Ibs a strong and significant correlaOon betweai expr^^don 
level and a published role in the disease. P^^ ^ing^^ Am 
global validation of the micro-array approach to identif)dng 
dlsease-spedflc genes. „ 

The results derived from MedGene have two impllcatioris. 
First a careful hunt for corroborating evidence of a role In 
break cancer should precede aity further study of genes with 
less than 5-fold expression level changes. Second, any genes 
with lO-foid changes or more are likely to be related to breas 
cancer and warrant attention. It Is Ukely tiiat tiite threshold wiU 
change depending on tiie disease as well as the experiment 

Interestingly, the observed conelation was only found aniong 
ER-posltive tumors, not ER-negative. This may reflect a bias 
In the literature to study tfie more prevalent type of tumor in 
tiie population. Furthermore, tiiis emphasizes tiiat caution 
must be taken when interpreting experiments that may contain 
subpopulations that behave veiy dlfferentiy. The MedGerje 
approach Identified a set of relatively understudied, yet highly 
expressed genes in ER-negative tumors that are worthy of 
furtiier examination fTable 3). 
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In conclusion, we havie developed an autornated method of 
summarizing and organhdng the vast biomedical Uterature. To 
our knowledge, the resulting database Is tiie most comprehen- 
sWe and accurate of its kind. By generating a score tiiat reflects 
tiie strengtii of tiie association. It provides an important tool 
for tiie rapid and flexible analysis of large drtascts from various 
high-throughput screening experiments. Furthermore, lt«can 
be used for selecting subsets of genes for functional studies, 
for buUding dlsease-spedflc arrays, for looking at genes com- 
mon to multiple diseases and various otiier hlgh-tiiroiighput 
appUcations. In tfie future. It wlU be possible to enhance tfie 
utility of tiie MedGene database by buUdlng Unks between 
genes and otiier MeSH terms as well as otiier biological 
processes arid concepts, such as cell division and responses to 
small molecules. 
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bieroduction 

M Itscurtent pace, the accuinulatlon of biomedical literature 
outpaces die aWBty of most researchers and clinicians to stay 
abraBtof dielr ownlmmedlate fields, let alone cover a broader 
range of topics. For example, to follow a single dbeMfc e* 
taScanc«.aresearcherwouldhavehadtoscanl30<Ufl^ 
joumab and read 27 papen per day In 1999.' TTIs prbblem to 
accentuated wldi high-throughput technologies such as DNA 
micro-arrays and proteomics. wWch require the andyris of 
laise datasets InvoMng tfiousands of genes, many of which are 
unfamlBar to a particular researcher. In arv nJlooarray eipal- 
ment. tfiousands of genes may demonstrate statlsdcally slg- 
nmcant expression changes, but only a ftactldn of the* may 
be relevant to die study. The ablU^ to Interpret Uiese datasets 
would be enhanced If fbey could be compared to a compre- 
hensive sumrnaiy of what Is known about aU genes. Thus, tfiere 

is a need to summarire exisdng knowledge In a format tfiat 
allows for the rapid analysis of associations between genes and 
diseases or other spedllc biological concepts. 

One solution to this problem Is to compOe structured digital 
resources, such as the Breast Cancer Gene Database' and Uie 
Tumor Gene Database.' However, as these resources are hand- 
curated. die labor-intensive review process becomes a rate- 
Umitlng step In die growdi of the database. As a result. tt>ese 

'Towhomu)iieH»onde«»*ouldbeaddwsed: Jabaeighnis.harvitl.edu. 
iai021*tOl«B27 CCC:»25.0O O 2003 Aiwrtcan Oieinlcal Sodely 



databases havea limited scale and the genes are not selected 

In a systemattc ftashion. 
An alternative approach Is automated text mining: a mettiod 

which involves automated informadon exiractf on by searching 
documents for text strings and analyzing their frequency and 
context This approach has been used successiul^ In several 
instances for biological appUcatlons. In most cases. It has been 
appUed to extract InlbrmaUon about the rdadonshlps or 
Interacttons ttiat proteins or genes have wldi one anoUter. in 
the literature or l>y fimcdonal annotatfon.»-» Thus far. few. 
publlcatton have applied text-mining io examine die global 
reladonships between genes and diseases. Perex-Iratxeta et al. 
automatfcaUy examined die GO (Gene OntologjO annotadon 
of genes and didr predicted chromosomal locatfons in order 
to identify genes linked to inherited disorders.* 

To obtain a more global understanding of disease develop- 
ment It would be valudile to Incorporate Infonnatf on regarding 
all possible gene-disease relationships. Including biochemical, 
physiological, pharmacological, epidemiological, as weU as 
genetic This infonnatfon would enable comprehensive com- 
parisons between large experimental datasets and existing 
knowledge In the literature. This would accomplish two Oilngs. 
First It would serve to validate experimenu by demonstrating 
that known responses occur as predicted. Second, it would 
rapidly highlight which genes are cofroborated by die literature 
and which genes are novel in a given context. We have utilized 
a computational approach to literature mining to produce a 
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Genomic and proteomic analysis of the myeloid diflferentiation program 



Zheng Uan, Le Wang, Shlgeru Yamaga, Wesley Bonds, Y. Beazer-Barclay, Yuval Kluger, Mark Gerstein, 
Peter E. Newburger, Nancy Berliner, and Sherman M. Weissman 



AKhough the mature neutrophil Is one of 
the better characterized mamtnatian cell 
types, the mechanisms of myeloid differ- 
entlatlon are Incompletely understood at 
the molecular level. A mouse promyelo- 
cytlc cell line (MPRO). derived from mu- 
rine bone marrow cells and arrested devel- 
opmentally by a dominant-negative 
rctinolc acid receptor, morphologically 
differentiates to mature neutrophils In the 
presence of 10 |jiM retinoic acid. An exten- 

Introduction 



slve catalog was prepared of the gene 
expression changes that occur during 
morphologic maturation. To do thl8» 3'- 
end differential display, oligonucleotide 
chip array hybridization, and 2-dlmen- 
sionat protein electrophoresis were used. 
A large number of genes wttose mRNA 
levels are modulated during differentia- 
tion of MPRO cells were identified. The 
results suggest the Involvement of sev- 
eral transcription regulaftory factors not 



previously implicated in this process, but 
they also emphasize the Importance of 
events other than the production of new 
transcription factors. Furthermore, gene 
expression patterns were compared at 
the level of mRNA and protein, and the 
correlation between 2 parameters was 
studied. (Blood. 2001;98:513-524) 
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Shidics of normal myeloid niatiuration from many laboratoiics have 
identified genes that may play critical roles in myeloid differentia- 
tion.^^ CuiTcnt studies suggest that these events are dependent on a 
ca.scadc of molecular changes that involve complex modulation of 
mRNA transcription. Furthermore, studies of acute leukemia have 
suggested that tlie disease arises from the accumulation of myeloid 
precursors arrested at early stages of differentiation and associated, 
ill many cases, with chromosomal rcarraug.cincnts that alter the 
structure of specific transcription factors.^ Nevertheless, the molecu- 
lar events underlying the production of mattirc myeloid cells arc 
not well imderstood and appear to use interacting pathways and 
networks, the elucidation of which requires an extensive descrip- 
tion of the molecular components available to the myeloid cell. 

An extensive body of information is accumulating with respect 
to gene cxpres.'iion profiles of mammalian cells. However, much of 
the information available in public databases has been accumulated 
by the use of techniques such as single oligonucleotide chips or 
cDNA anrays that measure fewer than 6000 of potentially 30 000 to 
1 20 000 transcripts. The more limited range of analyses rcpoilcd by 
the SCT-ial analysis of gene expression (JJAGE)^' technique accu- 
raiely estimates changes in levels of the more abundant mRNAs but 
requires extensive redundant analyses to measure changes in the 
patterns of expression of scarce mRNAs. We have used a modified 
polyniera.se chain reaction (PCR)-bascd cDNA differential display 
(DD) method in which single restriction fragments derived from 
the 3' end of cDNAs arc separated on a sequencing gel."^' Bands 
Viwm the gel can be identified initially by sequencing, but then 



comparison of patterns from different samples can be made without 
further sequencing. This sensitive and reproducible mcOiod detects, 
in principle, most cDNAs regardless of whether clicy arc icprc- 
scnted in existing databases. 

Systematic analysis of the function of genes can also be 
performed at the protein level. This approach has the advanUigc of 
being closest to function, because proteins perform most of the 
reactions ncces.wry for the cell. The nuist common method of 
protcomc analysis is the combination of 2-dimcnsional gel electro- 
phoresis (2DE) to separate and visualize pmtcin and mass spectrom- 
etry (M.S) for protein identification.'" Several such analyses of 
yeast and of normal or malignant mammalian cells have been 
peifoi-med. To date, however, there have been few studies in which 
both mRNA atid protein have been compared by applying analyses 
to the same samples. The studies of Anderson" and Gygi" showed 
tliat there is not a good correlation between mRNA and protein 
levels, in yeast or himian liver cells. However, other anidyses 
disagree with this conclusion (Crecnbaum c! al, manuscript 
.submitted, and Futchcr ei afi*). Futthcmiorc, global conelations 
between changes in mRNA and protein levels have not been 
examined during the execution of any developmental program. 

The MPRO cell line was derived by transduction of a dominant- 
negative retinoic acid receptor construct into normal mouse bone 
marrow cells. It is a granulocyte-macrophage colony-stimulating 
factor (GM-CSF)-dependent line attested at a promyelocytic stage 
of development After treatment v^nth all-/raij.y retinoic acid 
(ATUA) most of the cells acquii^ the morphology of mature 
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neutrophils and begin to produce neutrophil lactoferrin and gelati- 
nase, 2 proteins characteristic of neutrophil secondary granules.' ' 
As such, it offers a valuable model for studying ne\itrophil 
differentiation in vitro. 

We now report the analysis of niRKA expression changes 
during the process of MPRO cell maturation to neutrophils and 
compiire the results with a limited analysis of cellular protein 
composition. mRNA expression changes were studied by combin- 
ing the use of oligonucleotide arrays and DD. A database (dbMQ 
with comprehensive genomic information Ibr myeloid differentia- 
tion program was coostmcted (accessible at http://www.bioinfo.mbb. 
yale.edu/cxpression/neutrophil). We have grouped the changes in 
mRNA levels of a large number of genes into 6 patterns, with 
hnplications for the genetic program of myeloid differentiation. 

We also compared 2-dimensional high-resolution gel electro- 
phoretograms from control cells and cells differentiated for 72 
hours in the pnesence of ATRA. Fifty protein spots whose relative 
intensity changed prominently during differentiation were exam- 
ined by mass spectrometry., The results suggest a poor coiTelation 
between mRNA expression and protein abundance, indicating 
that it may be difficult to extrapolate directly from individual 
mRNA changes to corresponding ones in protein levels (as 
estimated from 2DE). 



Materials and methods 

Cell lines 

MPRO cells and HM-5 cells provided by Dr Schickwann Tsai (Fred 
Hutchinson Cancer Research Center, Seattle, WA)'^ were used tfaiougjiout 
d»e Ktudy. The cells proliferated ciwlinuously es a GM-CSF-depcndent cell 
line at iT'C in Ts coves modified Dulbecco medjum (Gibco BRL, Grand 
Island, NY) supplemented with S% to !(»% feUil calf scrum (Gibco BRL) 
and 10% HM-5-eonditioned medium 3.S a .•source of GM -CSf . Morphologic 
differentiation of the blocked MPRO promyelocyte-* was iridticcd by 
treatment witli 10 fiM ATRA (Sigtnii, St Louis, MO). Controls were 
ciiIttiTcd in the absence of .VTRA but with the same vohime of ve- 
hicle (clhanol). 

RNA isolation and differential display 

Aftei- cxposuir to 10 p.M ATRA for 0, 24, 48, or 72 hours, total cellular 
RNA was isolated tWjm MPRO cells mmg TRlzol reagent (Life Technolo- 
gies, Gaithersburg, MD). cDNA was then syuthesized using a T-7 Sal-Oligo 
d(T) 52 primci' as described pieviousty.*'"* The doublc-suanded cDNA was 
digested with i of 9 ditfcrcnl restriction enz>mes {Apal, Bghl^ Baml-H, 
Eagl, EcoKl, WtndlU, Xbdi, Kpn\, and Sphl) and ligaicd to Y-shaped 
adaptoi-s with a complementary ovniiang. DNA fragments were then 
ampliticd hy PGR as described previously.*''"' PGR proAicts were separated 
on a sequencing gel of 6"/ polyacrylauiidc with 7 M urea, 'llic gel was dried 
and exposed to x-ray film. Genes from ditfcrciitial display gels» whose 
maximuni intensity chauges equaled 2+ on a scale of If to , were 
lecorded a.s significanUy changed." Individual DNA bands wcie recovered 
from the gels, amplified by PGR, and sequenced. 

Oligonucleotide chip analysis of RNA samples 

Ten micrograms total RNA from each sample fO, 24, 48, or 72 hours) was 
ascd to prc-parc cONA. This cONA was transcrilKd with T7 RNA 
polymerase to prepare a fluorcsccnlly labeled probe.^'W' Each sample was 
hybridiTcd to mouse array chip (MulIK Array; Aflynictf ix, Santa Clara, 
CA) containing oligonucleotide probe sets corrciipondtRg to approximately 
7000 known genes or ESTs rr presented by UntGcnc elusters.-*^ cDNAs 
were considered present if their probe set rcsului were rated as such by the 
GcneChip software (AfrVmclrix) and if the average difference (AD) 
bccwcni perfect match and mismatch probe pairs was not less 100 U. If a 



gene was represented by more than one acray probe set, the average of all 
ptobc seta for the gene was taken. Genes with AD values between 100 and 
200 were considered unchantjcd because of their low expression levels. 
Those genes with AD values equal to irt more than 200 U al one tin»c point 
were further studied by repealing, thieshold, and nonnalization nicthod<; 
described in the MIT Center for Genome Rcscai-ch Web site. ' * A value of 20 
was assigned to any gene witii an AD below 20 at some time point. 

Bloinformatics and database development 

All the sequences or gcuc fragmeiits were searched using Blast against 
GcnBank and TIGR gene indices. A database of genes or EST& whose 
expression levels dianged during myeloid ditfercntiaiiun was cunsnuctcd 
containing information for each band or gene. This inchided GcnBank 
match e«, Locus Link or Unigcne clusters, cxprcwion pattem.^,^ tisfnic 
distribution, synonym(s) pi-oteiu name, gene name(s), notations of possible 
functions, poly A signal and sequence quality, and h>'pcrlinks to the 
database searches, sequence trace tiles, and related references. All gene data 
were then gathered into a cluster file. Supplementary information is 
available at httpiA'bioinfo.mbb.yate.cdu/expression/neutrophil. 

Classification and analysis of DNA fragments 

Sequences from differential display analyses were classified as representing 
known gcncfl, ESTb, genomic sequences, or novel /;cnes ns dcsc-ribcd.^**^^ 
Known genes from both differential display and airays were clustered into 
27 fonctional categories and searched against SWISS-PROT (http:// 
www.expasy.ebt'.nrc.ca/cgi-bin/sprot-scaich-tUl) or PIR (hitpV/www.pjr. 
gcorgetawn.edu/). Information such as tUnction, subcellular location, 
family and supcrfamily ctassifieatirm. map position, siniilaricy, synonyin(s) 
protein name, gene namc(s), and so on was recorded in a variety 
of databases. 

Northern blot analysis 

Thirty micfogfarn.q total cellular RNA per lane tViim time-course MPRfJ 
cells were loaded onto 1.1% formaldehydc-agarose gels, (heu transfeitcd to 
Hybond-N+ mcmbranejs (Amcrsham Phanuacia Biotech, Uppsala, Swe- 
den). Atler standard prchybridizatlon. mcmbi'anes were hybridized over- 
night at fiS^C with rHdioIabclctl eONA probes (ordered from Research 
Genetics according to their dbEST Image ID). iVfcnibrancs were washed at a 
final sti-ingcncy of eO'C in 0. 1 x SSC. 

Immobilized pH gradient 2-d1mcnslonal gel electrophoresis 
and mass spectrometry 

Induced MPRO cells collected at 0 and 72 hours were lyscd with lysis 
buffer (S40 mg urea, 20 mg ditliiolhrcitol, 20 (xLPharmalyu: [3-10]. 1 .4 mg 
phenyhncthylsulfonyl fluoride, I ixg each aproiinin, leupepttn, pepstatin A, 
and antipain 50 p.g TLCK, and 100 |j,g TPCK/i mL). We applied 100 \iL 
each MPRO cell lysatc (2.5 X l0«ceUs/i00 p.L) to immobilized pH 
gradient (IPG) suips (pH 3-iO L; AmcKham Pharmacia Biotech), and IPG 
electfopliorcsis was conducted for 16 hours (20 100 Vb) u^ing an Imiuobi- 
line Drystrip Kit (Amcrsham Pharmacia Biotech), Electrophoresis in the 
second dimension was ctttricd out in a !2% sodium dodecyl sulfato- 
polyacrylamide gel electrophoresis (SDS-PAGE) gel with the Lacmmli- 
SDS conlinaous system in a Protean U xi 2-D cell (Bio-Rad) run at 40 mA 
constant current tor 4.5 hours. Protcnis were detected by Brilliani Blue 
G-iTOlloidal staining.^* Protein spots were excised Irom the gel and digested 
with trypsin. ACTH clip (average [M+lfj 24<J6.70) and bradykinin 
(average (M fH] 1 06 1 .23) were used for calibration of peptide masses. One 
niicroltter sample digest was mixed with t.O p,L a-cyano-4 -hydroxy 
cinnamic acid (4.5 mg/mLin 50% CHjCN. 0.05% TFA) matrix sohition and 
1 pL calibrants (100 find) each. The spectra of the peptides were acquired 
in reJlcctor/dclayed extraction mode on a Voyager- DE STRmass spectrom- 
eter (Perscptive Biosystcms, Foster City» CA). Peptides were identified 
using the Profound search engine. 
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Results 

Differenliation of MPRO cells 

Figure 1 illustrates die niorphoiogit changes in an MPRO cell 
population representative of those used for RNA expression 
analysis. UnditTeicntiatcd MPRO cells resembled piomyclocytes 
under the light microscope (Tigurc I A), After induction with ATRA 
for 24 hours, the cells morphologically dififercntiated mto metamy- 
elocytes (Figure IB). At 48 hours, the cells further developed 
into metamyelocytes and band neutrophils (Figuit (C). At 72 
hours, nearly 100% of IVfPRO cells became mature neutrophils 
(Figim;lD). 

Identification of mRNAs by differehtial display assay 

MPRO celluhir mRNA was analyzed at 0, 24, 48, and 72 hours after 
ATRA treatment. Nine restriction enzymes were used in a 3 '-end 
DD approach. During MPRO ditfeicntiation, 1 109 ti-agmcnts 
corresponding to 83 7 transcripts were foiuid to change substau- 
tially in expression levels (Figure 2). These represented approxi- 
mately 279 known genes, 112 ESTs, and 59 putative new genes, 
each with a perfect or fair polyadenylation signal at an appropriate 
distance from the oligo-ifT priming site. The gene informaTion 
detected by DD was collected in database dbMCd. 

Identification of mRNAs by oligonucleotide chip assay 

VVc used an oligonucleotide chip containing 13 179 probe sets 
corresponding to approximately 7000 murine genes to analyze 
pattciTis of mRNA expression tn the same RNA samples used for 
DD. The information obtained by oligonucleotide arrays was 
collected in the database dbMCa. 

We clustered the genes by their similarity to idealized 
expression paacnis. For instance, the expression pattern of an 
ideal gene that is ovcrexpresscd (high) at time 0 and undcrcx- 
pressed (low) at 24, 48, and 72 hours, would be high-low-low- 
low (HLLL). Overall we have (2^-2) idealized patterns exclud- 
ing HHHH and LLLL. Pearson correlation was used as the 




Figure 1. Morphology of MPRO cdts during dtfrerentiation. MPRO ceOa were 
irulucBiJ as describsd In 'Matertais and melhods," concentrated by cytospln. and 
Wright-Giemsa stained. (A) Uninduced MPRO celte. (B) MPRO celte induced with 
ATRAfcr 24 hours. (C) MPRO cells induced wRh ATRA for 48 houre, (D) MPRO cells 
(rKluccd wflh ATRA for 72 hours. 




Figure 2. DIstrlfautlon of genes otitftlned by DD assay. MPRO cell mRNA was 
analyzed at 0, 24. 4B. and 72 hours aner ATRA treatment; t109 fragments 
con-cfipondmg to B37 Inwwcripts were found to change substanti^tty in expreesion 
levels. The total 837 transcripts were dasstfied Into 6 categories according to the 
Wolnformatlc analysis. Peroentages show the gerw distributions In these 6 catego- 
ries. Infonnatkin for each wanscript was collectod In daiabaso dbMCd. 



measure of similarity of each gene expression pattern, 
X ~ {Xi^2,Xi^4) to each of the 14 idealized patterns 
y - (>'uV2^V3^4). The 4 cnti ies of x and y concspoi»dcd to the 
4-dimensional gene expression levels at 0, 24, 48, and 72 hours, 
respecfively. Each gene was assigned to a chister labeled by the 
idealized paticrn that had tiie maximal correlation with thai 
gene. We selected only genes that hybridized well compared 
with the background (considered "preseru" by GencChip soft- 
ware) and had maximal AD amplimde greater than 200 U in at 
least 1 of tlie 4 sUges. Wc ftuther UbiUated the 14 patterns 
according to whether the gene expression changed at early 
(U-hour), intcnncdiaTc (24- and 48-hour), and late (72-hour) 
time points and whether gene expression monotonically in- 
creased (up-regulatcd), mouotonically decreased (down-regu- 
lated), or was not raonoionic (transient). Table 1 shows 8 
clusters of 104 genes that had significant changes of niRNA 
levels, arranged according to tlic temporal stage and the 
mono tonic/transient changes of expression levels. 

Principal component analysis determined wlicther wc could 
comprehensively present multidimensional data (4-dimcnsional in 
our case) in a simple 2-dimensional graph. First, wc found tlic 4 
principal components, which were the axes of the most compact 
4-dimensional ellipsoid cliat encompassed Utc 4-dimensional cloud 
of data. Each axis was a diOfercnl linear combination of the original 
4 variables. Then we verified that the first 2 principal components 
(the fiist 2 largest axes of the ellipsoid) captured most (95.2%) of 
the variauon of the data. Therefore, the data could be faithfully 
projected (with a minor loss of information) into a 2-dimcnsional 
graph, with the 2 largest principal components as the x- and y-axcs. 
As shown in Figure 3, gcnca tend to coalesce in chisttjrs, according 
to their labels determined by their similarity to an ideal expression 
patteni. In .sunmaary, a genomic' (global) picture of the di.stributiou 
of genes according to their similarity to predetermined idealized 
multidimensional expression v^ittcms is concisely displayed in a 
2-dimensionat graph. 
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Table t. Genes diffarentfy regulated during tha diffarsnt stages of nwusa promyolocytic cofl line dffferentiatton process 



Timing 



Category 



Earty 



Middle 



Up^gulation 
Down-regulation 


LHHH(n « 10) 

MadP2rx1 Itgb2 01 r2 Lcn2 ItprS 

Cebpb H2-D BohlSZyx 
HLLL(n= 11) 

TcrQ-V4 LyEi4 Ctsg 5piM McjJtB 
Myc Myb Ttr4 Npml Erh Hsp60 


LLHH (n -J R\ 

PlTBl Cybb Pfc PiraS Cd53 tfngt2 

HHLL(n= 1) 
Mpo 


U.LH(n « 13) 

tlU CsflrU Qs/S100a8 L-CCR Cfss 

Aldol Rac2 Fpii Cisd Ubb Ptmb4 
HHHL(n-37) 

ArtK Irf2 £12 Rpl1 9 Actb Ly$« Atfl Hist2 
P6ma2 Giias Zfpae Mna UbrSMdfll 
Max Rps8 Csf2rbl Slpi Tctcxi Tpl atf3 
Cnrf Gys3 SkiOal Ctsb Seppi Rin3 
Ccnb2 SlOOaS Cf 1 1 HIst5-2ax Rela 


Transient 




LLHL(n = 9) 

Sell MK2Pira6 PIrb Lsll Ltf Sema4d Stat6Mn\p5 
LHHL(n- 17) 

Ccbpa Lyztt FcgrS ArfS Lampl Siat3 CsJ2ra Osl 
Actg Sfpil Gpx3 Plprc Prtn3 i[f1 RpsBtw! 
Ltb4rMyfn 


Copa Gstml Gnb^rs1 Qrn RPL8 



Arrays of Affymetrtx Mulik contaSnlng 13103 probe sets corresponding to 12002 GenBai* accessions v^-erc used for hybridtzmion Arrays were hvbridbed wW» 
stneplavidin^,hyooeiythrln (Molecular Prabes) Wotln-labelcd RNA and scanned. Intensity for eacii feature of the array was captured using Qc,x,diie wftware (Xncul) 
e single mw expression level for each gene was derived from the 20 probe pairs representbg each gene ustng a triinmed mean algorithm. For each gene an ^Do^. ^S- 
72-hoorsampleswa3cafIbraledbydivldin8theslopecfthelinearreBrosstenlineforaflfapl^ 
time noirt ^4. 48. or 72 hours). Atti^^^^ 

could not be performed wMi confidence .» Each gene eypresslon profile vras categorized as described in Tebles 3. 4, end 5. For the 4 fme points the minimum AD of the 
relattvely r^lgher group (WIN-H) v.as d^/lded by the maximum AD of the relatlvety low group (MAX-t). and those genes whose Mm^lW^TeZt^nn^^^^ 
meanlngfiHty regulated. Genes wnre sorted In descenang order based on the MIN41/MAX^ Genes in boldface are those whose expression level was (n the too 20S fie 
maximum AO^ 4 time points greater than 3000). and genes in italics are those in the bottom 20% (ie, maximum AD of 4 time points less than 300). The differentiaUon period 
was grouped into 3 stages: earty (04wur>, middle (24-hour and 4fr.hour). and late (72-hour) stages. ' omerenuauon penoo 

AD indicates average difterence; gene symbols are expanded in an Appenifix at the end of this article. 




Figure 3. Gens ctusters In the first 2 prtrkcfpal component spaces. Principal 
component anafyste allowed us to present the multidimensional data (In thb case. 
4-dlmenslonal data of each gene expression pattern) In a simple 2-dlmenstonal 
graph. We derived the 4 principal components, which are b linear combination of the 
standardlred expression intensities (zero mean and unl variance) at 0, 24, 48. and 
72 hours. The first 2 principal components captured most of the variation of the data 
(approximately 85%). TherePwe, the data can be displayed (wlh a minor loss of 
tnformatton) in a 2-dInf)enslonal graph. The ffrst and second prinolpat components. c1 and 
(2, eiB given by the Rnear combinations Ot = 0.747 • n1 - 0.11 - n2 - 0.656 • n3 + 0 • 
n4 end <^i = 0.278 • n1 +a353 • ^2^-0233 * 03 - 0.803 • rr4, where n1, n2, n3, 
and n 4 are the fescaled and standardized expression levels at 0, 24, 48. and 72 
hours, respectively. The exes legends c1 end c2 stand for the first 2 prindpat 
components. In this paper we used the Pearson correlation to measure the similartty 
of each gene with the Idealtzed expression patterns,, as opposed to the Euclidean 
distance we used In a previous worK.^ beceuso clusters were better separated using 
this fT»easufe. In both cases, we presented the data In the 2-dlnner«lona! space of the 
lowest principal components. The data had a tendency to be drcutarty distributed 
when we used the Pearson oon^elation as a distance measure. 



Correlation between array and DD analyses 

We have previously demons irated a correlation coeflicient of 0.93 
between visual estimates of changes in band intensity on DD and 
Phosphorimager System (Molecular Dynamics. Sunnyvale. CA) 
estimates of band intensity and a conelation coefficient of 0.88 
between hybridization intensity changes of mRNA on Northern 
blot analyses and changes in band intensity on DD,'* In a few cases 
there were clear discrepancies in the pattern of expression of a 
gene, as estimated by DD and by oligonucleotide chip analysis. We 
chose the 6 most extreme cases and examined the levels of mRNA 
change for these genes by Northern blot analysis (Figure 4). In 5 
cases, the Northern blot results agreed with the results of the DD 
analysis, whereas (he results of Gnb2-rsl disagreed with the 
oligonucleotide array but duplicate bands from DD showed a 
relatively high level of expression in the 0 time sample that did not 
correlate with the Northern blot (Table 2). One possible explana- 
tion for these findings was the change in the relative use of different 
polyadenylation sites after the addition of ATRA to the MPRO cells. 

Constructing a database for mRNA level changes during 
myeloid differentiation 

Based on (he data obtained above, an in-house database (dbMC) 
was constmcted that included 2 subdatabases, dbMCd and dbMCa. 
for collecting gene information from DD or oligonucleotide arrays, 
respectively. Each entry in dbMC is accompanied by a so-called 
executive summary. The linkage between dbMCd and dbMCa was 
established by UniGene ID and cluster ID. dbMC contains the 
temporal expression patterns of genes during the MPRO cell 
differentiation process, including not only products represented in 
public databases but also novel transcripts. 
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Ribosomal RNA 



-288 
-18S 



Figure 4. Northam btot analysis of selected mRNAs. Equhretent amounts of RNA 
frofTi MPRO celb Induced byATRA at rtifferem tiow ptiints (0 hour, 2A hours, 48 hours, 
and 72 hours) were resolved by fbrmaldehydo^garoae gel electrophoresis, stained 
to vert^ the amount of loading. Eleven genes were separately probed on the RNA 
flSers. The gene symtwl of each probe was listed at the left of a related Northern blot 
resul Detalksd (nfonnatton on these It probes was listed In Table 5. One of the 
RNA-bk3tted nrtembrano photographs is shown w!th methylene blue-^lned 283 and 
IBS RNA subunRs demonstrating the quality and quantity of RNA loaded In 
indMduat lanes. 



Analysis of gene expression patterns during MPRO 
differentiation 

Many of the genes identified in this study were found in myeloid 
cells or were implicated in myeloid development for the first time. 
We detected 8 cytokines^^ and chemokines whose mRNA levels 
changed more tlum 5-fold by arrays and 2-fold by DD during the 
maturation of MPRO cells (see our Web site, http:/^ioinfo.mbb. 



yale-edii/cxpression/neutrophil). Among these wore 2 members of 
the CC chemokine family. Interleukin-l a (IL-lot) was up-regulated 
at the late stage of diifereniiation (LLLH pattern. Table I), 

mRNA for approximately 52 receptors was detected by one or 
the other method. A niunber of the njceptors known to be present on 
mature neutrophils showed late induction of mRNA. and dieir 
levels of induction were high, itidicatiag that the expressi(m of 
these products is a prominent event late in neutrophil maturation 
(Table 3), Rarely was mRNA for receptors dowi\-iegulated, 
consistent with myeloid maturation being accompanied by increas- 
ing responsiveness of the ceil to a variety of external stimuli. 

Expression of mRNA for granule proteins 

Neutrophils contain several types of granules that develop at 
different stages of myeloid maturation.-**"'*''' Levels of mRNAs 
encoding secondary granule proteins, such as lactolbrrin, increased 
as the cells matured (Table 4), The level of mRNA for Mmp9, 
reported as a tertiary granule protein, increased markedly between 
24 and 48 hotirs after the induction of difiFerentiation, whereas 
mRNAs for secondary granule proteins either increased less 
markedly or showed a maximum increase by 24 hours. mRNAs for 
several primary granule constituents, such as myeloperoxidase and 
cathepsin G, were present in unstimulated cells and decreased as 
the cells matured. There was a discrepancy in the measiycmonts of 
proteoglycan mRNA by DD and oligonucleotide chips, but North- 
em blots showed that it reached a peak at 48 hours and then 
declined (Figure 4). Cathepsin D is reported as a primary granule 
protein, but its pattern of mRNA expression more closely re- 
sembled that of secondary granule constituents. In addition to 
known granule components. mRNAs for several other cathepsins 
were up-regulated during myeloid differentiation, in parallel with 
or later than the tertiary granule protein mRNAs. 

mRNAs for transcription factors 

Transcription factor genes, including several identified at the sites 
of consistent chromosome rearrangements in acute myeloid leuke- 
mia, have been implicated in normal myeloid differentiation and in 
the expression of neutrophil proteins.^^*" However comprehensive 
information concormng tlie expression of these transcription fac- 
tors during myeloid development is not readily available. There- 
fore, wo compared gene names and identifiers in our databases to 
those of the transcription factor database Transfac (http:// 



Tatrfel Expression patterns of genes detected by Northam blot analysis 



Genft 
symbol 


Gene 
Boces&ian 




AD value by array 






Iritensfty by DO 




Oh 


24 h 


48 h 


72 h 


Oh 


24 h 


48 h 


72 h 


Cebpa 


M62362 


33 


212 


182 


44 










Cebpb 


X62600 


390 


1248 


1380 


1903 










Cebpd 


)(61B00 


t57 


282 


1GB 


430 










Cebpe 




















^4yb 


M12S48 


BS2 


356 


230 


435 










Sipl 


U73004 


617 


501 


783 


402 


1 


2 


3 


3 


Pro3 


W45e34 


153 


Z59 


339 


345 


5 


1 


1 


2 


Gnb2-re1 


)C?5313 


4231 


3623 


3215 


3403 


4 


4 


1 


1 


Ly6e 


U0426S 


3061 


5391 


2844 


1282 


3 


2 


1 


1 


Lsp1 


M90316 


65 . 


376 


840 


26 


2 


3 


5 


6 


Actb 


K03765 


3095 


3588 


3976 


2434 


1 


2 


3 


2 



Gene symbol and gens accession rsfer to National Certer for Blotechnotogy Informatbn databases anO. In particular, to Locus Link. AO value Is the average difference In 
the vstue of hybrirteallon intensity between tho set o( perfeni:y matched oDgonucieolides and the set of mismatched oHgonudootide In tho oligonucleotide array. Band 
trtiensfties from DD vme wmtquantified on a scale from 1 (+) to 8 + f + + +|. These estimates are shown as boldface numbers in this table.^Both AD value and 
intensity c4 genes were studied at 4 time points corresponding to MPRO ceils Induced for the Indicated times. 

DD indicates dHferemlal display; MPRO. mouse prcmyelocytlc cell line; for gene symbols, see the Appendix at the end of this article. 
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Tabia 3. Recoptore expressed during mynlold differentiation process 



Maximal fold chdnge 


Gene syntbol 


Gene accesftton 


0 h 


AD vatue by snay 
24 h 43 h 


72 h 


Less thfln 2 
















Bzrp 


D2U07 


641 


658 


861 


687 




Cmkar4 


X995fH 


508 


447 


378 


684 




Cny 


M34173 


433 


384 


506 


506 




CefZrhl 


M34397 


318 


345 


410 


241 




Ht»Sa 


218273 


188 


272 


273 


339 




M6pr 


K64068 


536 


409 


408 


649 




MFPIR 


AA1 16769 


232 


84 


63 


381 




TCRGB 


M250S3 


165 


212 


244 


299 




Trtfrsfla 


M59377 


0 


1 


1 




2 or more, less than 3 














Cmkbri 


U28404 


221 


244 


504 


63a' 




Crhr 


X72305 


121 


200 


250 


355 




Csf2ra 


M85078 


171 


372 


402 


254 




Ubl3 


AF013114 


187 


270 


428 


148 




Giidl 


D10171 


128 


164 


150 


257 




(ftigr 


J0S265 


141 


263 


327 


251 




ll2ro 


U21795 


205 


184 


231 


477 
3968 




Ldir 


XBUU 


1399 


16S3 


1665 




P40-8 


J02670 


849 


677 


381 


640 




Plaur 


X62701 


312 


443 


476 


734 




Rarg 


M34476 


102 


113 


114 


218 


3 or more, less than 4 


Sfbi 


U37799 


126 


232 


132 


258 














Cr2 


M292B1 


83 


138 


243 


77 




Csr2rfo2 


M23B55 


200 


248 


437 


111 




Kesri 0 


JD5020 


2398 


2766 


3365 


8751 




FcQr2b 


X0464e 


1703 


1652 


1431 


4605 




(fngrZ 


U69599 


1 


2 


2 


3 


A or more, less than 5 














5 or more 


Nr48l 


X 16995 


96 


188 


202 


401 














(11r2 


XS9769 


482 


1796 


2872 


3816 




C5r1 


L05630 


185 


434 


808 


1078 




Drd2 


K5SB74 


0 


0 


q 


219 




FcgrS 


M14215 


1 


1 


1 


2 




Fpri 


U2161 


0 


B9 


141 


671 




GCR 


AA24D711 


2 


0 


0 


0 




L-CCR 


AA034R46 


4» 


175 


314 


2056 




NMDARGB 


AAB2021 1 


2 


2 


0 


0 




PZntl 


XB4egB 


79 


346 


530 


744 




Piral 


U96682 


0 


43 


172 


378 




PiraS 


U9S6a6 


274 


391 


954 


1874 




PiraG 


U9G687 


122 


635 


2014 


1716 




Plrfa 


U36fie9 


191 


445 


B66 


747 




Sell 


M25324 


46 


104 


570 


20 




. TcrH-V4 


M54998 


1850 


78 


65 


315 



w ^T*^""" ^™ *J« '^"^ " ^"^^"^ "^1^? "^""^^ ^ ""^^"^ "^"^ " to 2G0 U in this study. Genes K*re sorted by their expression patterns as fdlkrm: 

af!abymeavemgedWeren£»va!ue.thenbythediffererK»betweer,minl^^ q . 

cZ^Zlr^-^^Z !:'' 'VT °' ^ AbbreviaUons or g.ne names are taken from gene symbols listed in .he locus link ,irtion of Z h JZ 

Center for B.ot«chnotogy Information database where avafiable. Numbers in bold denrto those gene exprnssion pattems attained by difTBrential ^ptay rather than by 
oltgonucieoUde array assays. The other infomistfon is presented as in the legend to Table 2. r j ^ vin iiy 

AD Indicates average dWerence; gene symbcis ore expanded In an Appentflx at tiie end of this orlidB. 



www.transfac.gbl-braimschweig.de/TRANSFAC) and determined 
which factors contained in this database were present at detectable 
levels in MPRO ceU mRNA, itsing Affymetrix software for the 
criteria for inclusion of mRMAs from approximately 200 murine 
tran.scriplion factors probe sets on the oligonucleotide chip. Of 
these, 5-1 were expressed and 1 3 showed changes of 3-foId or mote 
in chip signal (Table 5). 

The changes in certain transcripdon fectore, such as the moderate 
down-regulation of myb and myc and the up-regulation of the Max 
dimerization protein MAD, wei« cousistciit wiih the shift of the cells 



Gom a proliferative to a differentiated state.*'' Some changes arc more 
difficuh to explain, such as (he up-regulation of DPI , a partner for E2f 
Cictois in die regulation of S-phase genes, and the mild up-regulation of 
the Id genes» commonly associated with an inhibidon of differentiation 
by competition with bHLH traasoiptional activators.^ 

The C/EBP family has been extensively studied with respect to 
myeloid differentiation.^ Absolute levels of the C/EBP a and 8 
mRNAs were low. probably at the borderline of significance for the 
oUgonucleotide chip assay, whereas the level of C/EBP p appeared 
higher. In addition, there were discrepancies between the chip 
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Tobltt 4. Granule constituents expresaed during moustt promyelocyticcell line cell differenttation 



Granule constituent 



Gene s^vnbol 



AO vofuB by aney 



Gens accession 



Oh 



24h 



4Bh 



72 h 



Azurophil (primary) granijtos 



Possible granijlo proteins 



Specific secondary granules 



Tontory granules 



M2n2c1 

Ctsb 

Ctsd 

Cl80 

El 2 

E1a2 

Gus-s 

Lyzs 

McptB 

Mpo 

Prfl 

Ctsc 
Ctse 
Ctsh 
CtsI 
Ctss 

Cpa3 

Cd3612 

Cnip 

Cytib 

Ear2 

Fpr1 

itgb2 

Lcn2 

Ltf 

MBP 

Mnip13 

Nop 

Mmp9 



AAiBieeo 

M65270 

X52BS6 

M96801 

U04362 

AA6830ie 

Me3836 

M21050 

)a8545 

X1S37a 

X16133 

AA144BB7 

X97399 

U06119 

xoeoes 

AA089333 

J05118 
AB00BSS3 
X94353 
U433B4 

L22181 
X14fl51 
W13166 
Ja329B 
W45634 
Xe6473 
L37297 

Z27231 



178 
442 
214 
15G9 
658 
47 
544 
0 
831 
378B 
2621 

2S2 
1 
45 
16 
12 

621 
113 
80 
8 
0 
178 
0 

916' 
10 
5 
44 

2661 

0 



134 
460 

1087 
405 

1273 
159 
226 
1 

258 
3009 
2653 

194 
3 
124 
11 



270 
93 

479 
24 
1 

220 
2 

3513 
162 
1 
43 
4782 



99 
595 
1S28 
if) 
843 
134 
266 
1 

66 
776 
2920 

342 
4 
195 
31 



BO 
157 
704 

91 
1 

235 
4 

3931 
333 
1 

72 
2311 



164 

389 
2784 
286 
157 
163 
254 
3 
491 
692 
9659 

578 
5 
156 
237 
463 

801 
187 
626 
128 
2 

845 
2 

6036 
138 
2 

176 
6912 



Shown era the possible Qranule protein cON As represented on the oKgionudeotlde anays. sorted by their expression patterns as follows; 
value, then by the granwte types, and last by the alphabetical order of gene syrnbols. Data ar« presented as described In the legend to "teble 
AD mcficalBS average difference; gene symbots are expanded in an Appendix at the end of this artic'e. 



; first by the average difference AD 
3. 



estimates and the mRNA levels observed by Northern blotting with 
specific probes for these genes. In particular, the latter method, 
more sensitive and specific, showed that C/EBP a began to decline in 
the most mature cells, whereas C/EBP 8 mRKA declined pmgtessively 
beginning at 2*1 hours after (he onset of differentiation. 

C/EBP € Ls a more recently cloned C/EBP femily member. Previous 
studies indicated it is expressed in a laige an-ay of human leukemia cell 
lines blocked at various stages of ditTerentiation and that it is up- 
regulated during granulocytic differentiation.^* A C/EBP c probe was 
not included in the oligonucleotide chips, and this tnRNA was not 
detected by DD. Therefcre, we examined the C/EBP € expression- 
paiiems by quantitative PGR and Northern blot analysis (Figure 4). 
C/EBP € exon I was PGR amplified fiwm MPRO RNAs \ising piimeis 
RY48 {AGOCCCOGACACCCrrGAra\) and RY49 (TCGCACACT- 
GCGGGCAGACAG).^^ The results showed that C/EBP € is expressed 
throughout myebid diflerentiation, with expression levels increased 
moderately in the later stages. 

We detected a number of other transcription factors that are 
broadly expressed or that have been reported in other studies of 
hematopoiesis (Table 5). Some of the factors that wcro most 
strongly induced during differentiation have been studied in other 
contexts but not previously implicated in hematopoiesis, such as a 
mammalian homologue to the DrosophUa enhancer of split gene, a 
transcriptional silencer. The mammaUan gene is expressed at 
relatively high levels as measured by the oligonucleotide chip and 



is a cancKdate for mediation of the silendng of growth-related 
genes in the maturing neutrophil. Another candidate transcriptional 
silencer, Tifib, may serve as a corepressor for the ICRAB domain 
family of zinc finger transcription factors and also may raodiate 
binding of the heterochromatin protein HPl to DNA.^^ 

There were 26 transcription factors whose mRNAs showed no 
significant changes by oligonucleotide chip analysis and were not 
identified as differentiaUy regulated genes by difl^tial display 
assays. PU.l, a factor necessary for the production of neutrophils 
and the expression of soverai neutrophil genes,-^ showed less than a 
3-fold increase in mRNA, below the threshold for a significant 
change. Other candidate hematopoietic transcription factors, such 
as PEBPlaB2 (AMLl), GATA-1, and SP-2, were represented on 
the oligonucleotide chips, but their inRNA levels were so low that 
they were reported as absent in this study. The possibility that small 
changes in the levels or ratios of some transcription faciors could 
produce marked changes in transcription potentially limits the 
ability of data generated by present methods to explain transcrip- 
tional changes duriiig diflerentiation. 

Protein expression patterns of MPRO cells during 
ATRA Induction 

We visually compared the 2DE patterns from MPRO cells at the 
same time points used for mRNA analysis. In most cases the 
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Tables. Trarwcription modulatore prasented during myslold differentiation 



Maximal foM change 
LesAlhan 2'fDid 



Gene symbol 



AO voluo by array 



Gene accession 



Oh 



24h 



72 h 



2 or mora, less than 3 



3 or more. less than 4 



4 or more, less than 5 



Zrp11-8 

Btf3 

Gata2 

Hmgt 

Idbl 

^4ax 

Nfatc2 

Pm1 

Rarg 

Reta 

Sox1S 

Ybxl 

Zfpl62 

Cebpd 

Idb2 

Jundl 

Lyl1 

Nfe2 

Ntkbl 

Pbxl 

stpti 

Tifib 

Trp53 

Usf2 

Ybx3 

Zfp2l6 

Iif1 
Klf2 
Myb 
.Sl3l3 
Tfdpl 

Cobpb 
Stral4 



5 or more 



Grg 

Mad 

Myc 

EtoN6 

TBX1 



A8020542 
W13Sn2 
AB000096 
J(M179 
M31885 
M63903 
AA580093 
U33626 
M34478 
• M61909 
W53527 
M62857 
Y12B38 

X61S00 

^69293 

W2a356 

Xff76H7 

L09600 

L2ei17 

AF020106 

A34693 

U67303 

P10361 

U122e3 

L3S54g 

AA510137 

M21065 

U25C96 

M12848 

AA39e)023 

Q08639 

X6260D 
Y0783B 

M62362 
X733S9 
XB3106 
LD0039 

AA542220 



2630 
3 

562 
337 
455 
.256 
2313 
173 
102 
297 
419 
643 
671 

157 
244 
1274 
399 
456 
963 
611 
375 
673 
259 
120 
96 
62 

65 
62 
692 
464 
307 

390 
223 



0 

314 

169 
0 



2989 
3 

770 
34B 
787 
224 
3218 
281 
113 
260 
461 
469 
734 

262 
210 

2002 
342 
743 

204-1 
303 
784 
659 
149 
165 
169 
151 

207 
86 
356 
1057 
S&O 

1248 
383 

212 
565 
111 
112 
366 
0 



2795 
2 

472 
177 
721 
312 
2396 
329 
114 
304 
484 
472 
720 

168 
310 
1434 
W7 
1042 
1876 
345 
901 
420 
12S 
285 
210 
204 

278 
246 
230 
1012 
505 

1360 
510 

182 
916 
167 
62 
313 
1 



2515 
1 

730 
232 
637 
172 
2542 
306 
218 
244 
637 
496 
992 

430 
604 

3085 
691 
505 

2034 
212 
529 
663 
361 
1S2 
110 
106 

108 
77 
435 
290 
1093 

1903 
93S 



1005 
327 
173 

1003 
2 



Shown are the transcription factors IdenUfied os present by the olrgonucleoUde array onalysis whose maxinuil AD between perfect match and mismatch oliaomjdeotide 
sets was greater than or equal to 200 U b t^as study. Data are presented as described In the legend to Table 3. "'ismoicn ougomjdeotide 

AD Inacales average diffenwice; gena srymbob are expanded In an Appendfx at the end of this article. 



peptides idcntiticd for a given protein were derived from regions 
along the entire length of the protein, indicating the observed 
products were not the result of proteolytic degradation. These 
data must be considered with several caveats: membrane and 
other hydrophobic proteins and very basic proteins are not well 
displayed by the standard 2DE approach, and proteins present at 
low levels will be missed.^* In addition, to simplify MS analysis, 
we used a Coomassie dye stain rather than silver to visualize 
proteins, and diis decreased ihe sensitivity of detection of minor 
proteins. The MS method we used was sufficiently sensitive to 
identify proteins that eoiild barely be visualized by colloidal 
blue staining. However, a limitation of the method for the mouse 
is that the current database lacks predicted amino acid sequences 
for a substantial fraction of murine genes. In addition, very 
small proteins give only a few peptides, making statistically 
confident identification difficult. 



Figure 5 shows the aiialytical colloidal blu&-stained 2DE IPG 
reference maps of differentiated MPRO cells. Expression patterns 
of more than 500 protein spots were detected and observed through 
the entire series of gels. Protein spots could easily be cross- 
matched to each other, indicating the reproducibility of the method. 
As marked on the gel pictures (Figure 5). 50 proteins with a wide 
lunge of molecular weights (1 to 200 kd). isoelectric points (4 to 9); 
and abundances wens subjected to MS protein identification. The 
results are presented in Table 6. 

Comparing the theoretical value of the inoIeciiJar weight and pi 
of each protein to that of the observed value, we confidently 
identified 28 proteins in the expected position on the gels (spots I to 
28). Some of the other proteins with strong matches to the murine 
databases migrated to a somewhat unexpected pf position! Nine 
spots gave clear peptide peaks on mass spectroscopy but did not 
match any known gene. Their identification wUl require amino acid 
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Figure $. 2DE clectrophoretoerams of MPRO cells. 
MPRO ceil lysalB (2.5 X 10^ cetl/sample) was loaded for 
2DE analysts. Gcte were stolnBd with btilliant blue G-col- 
iofda! dye. (A) 2DE map of uninducod MPRO celt (0 hour). 
(B) 2DE map of matured MPRO celb (72 hours). Protein 
spots martced In Ihe maps were considered differentialty 
exprefi&ed and w«ra subjected to MS analysts. Ttie 
rasuttant pmtein information is listed in Table 6. 
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sequence analysis or availability of more extensive iniirine data- 
bases. Wo searched for the expression patterns of the genes cognate 
to the expressed proteins in dbMC (Table 6). Nineteen genes were 
found in dbMC. the mRNA for 5 genes was rcporteit as absent, and 
13 genes were present during MPRO differentiation. Comparison DisCUSSlon 
of the expre.ssion pattertis showed only 4 genes of 18 present on the 
oligonucleotide chips whose expression was consistent at the RNA 
level and protein level None of these was on the list of the genes 

Tables. Cofrelafllon of expression panents between mRNA level and prvtein level 



diat were differentially expressed significandy (S-fold or greater 
change by array or 2-fold or greater change by DD). 



Wc explored die teiuporai patterns of gene expression during 
myeloid development A daUbase has been developed to provide a 









Predicted 








cDtJA expression 










value 




Percentage 
(■-4) 


20E patiem 


pattern 




Spot 


Protein definition 


G! number 


kd 




Oh 


.72h 


Oh 


72 h 


Afl 


1 


GRP7e 


25Q&54S 


72.4 


5.1 




1 


3 


1321 


1043.3 


N 


2 


Aftln. gamma, cytoolasmJc 


67529S4 


41.77 


5.3 


40 


3 


B 


0 


2 


Y 


3 


RHO GDI 2 


2494703 


22.B3 


4.9 


33 


3 


3 


341 


441.6 


Y 


4 


Proltferattn^ celt nudear antigen 


7242171 


28.77 


4.7 


42 


1 


0 


544 


430,0 


Y 


5 


APS kinaac 


4038340 


69.8 


7.1 


24 


2 


1 


43 


50.7 


N 


6 


Pyruvate kinase 3 


6755074 


57.9 


7.2 


48 


6 


4 


3047 


5B80.3 


N 


7 


Melanoma X-acttr> 


6671509 


41.72 


53 


39 


1 


3 


2539 


341.3 


N 


B 


Glycera'dehyde-a-phosphate dahydrocenase 


6679937 


35.79 


fl.7 


.39 


B 


r 


3073 


57423 


N 


9 


Stetin 3 


461911 


10.99 


5.9 


4B 


0 


4 


N/A 


N/A 




10 


Guanine nucleotide binding protein, beta-2, 






















related seqiMncel 


6580047 


35.06 


7.9 


21 


4 


2 


139 


303.1 


N 


11 


Triosephosf^iale isomerase 


6578413 


26.69 


6.9 


26 


3 


3 


3312 


2660.1 


Y 


12 


Testis -derK'cd c-abi protein 


1196524 


17.19 


7 


51 


2 


3 


152 


126.9 


N 


13 


RNA binding motif protein 3 


7949121 


16.59 


6.B 


25 


1 


0 


628 


B12.4 


N 


U 


CoUapsIn response mediator 


6GB1019 


62.16 


6.4 


36 


2 


0 


Absent 


Absent 


N 


15 


Lamin A 


220474 


47.52 


6.6 


35 


2 


0 


Absent 


Absent 


N 


16 


4? kd keratin 


527S3 


35.82 


4.8 


29 


3 


0 


Absent 


Absent 


N 


17 


std47Bp 


5931565 


31.3 


6.7 


30 


1 


2 


Absent 


Absent 


N 


IB 


MHC dass 11 H2-lA-beta-5 


3166662 


28.6 


7.1 


39 


1 


2 


N/A 


N/A 




19 


Androgen-binding protein: subunit aiplia 


739346 


B.04 


6.4 


68 


0 


2 


Absent 


Absent. 


N 


20 


Neuronal apopicsts intilbitory protein 


5932010 


1S8.7 


6 


17 


1 


0 


N/A 


N/A 


21 


PAD type (V 


67S501B 


74.46 


7.2 


21 


1 


3 


N/A 


N/A 




22 


Munnan serum albumin homologoue 


3212625 


66.45 


5.7 


24 


0 


6 


N/A 


N/A 




23 


syncrfp 


6S76B15 


62.53 


7.2 


33 


2 


1 


N/A 


N/A 




24 


Transamidtnase 


1730203 


48.22 


7.2 


31 


3 


1 


N/A 


N/A 




25 


PGK aigr phosptioglycerete 


1730519 


44.54 


6.3 


47 


5 


4 


1088 


1402.3 


N 


26 


Profiferation-associated gene A 


6754976 


22.16 


8,6 


53 


3 


1 


N/A 


N/A 


27 


Pulatuve peraxisomai antioxidant enzyme 


3913065 


17 


7.8 


55 


0 


3 


N/A 


N/A 




28 


IgE chain C2 region 


2137430 


1Z1 


5.2 


38 


0 


1 


N/A 


N/A 





The proteins listed here ore represented by the spots marked in the electrophoretograms shown In Figure 5. 

Protein defintlion. Gi number, and predicted value refer to tl« protein name, accession number, and properties derived frDm the NoUonal Center for Blotechnofogy 
Information protein database. The column labeled % shoves the pancentago of pcplidea predtcted from the prctein sequence that wero deloctod by mass spodrtrecoDV The 
expression level of prt)teln spots expressed In mouse promyelocytlc cell Hne cell induced by olkrans rettnote add for 0 hour« and 72 houre fFlgure 5) were scored on o srale of 
L^^},^1-1 + + -t- 1- + + in the 2DE pattern cc.lurr«. The cDN A expression panems of the ctjgnote mRNAs are listed In Ihe cONA expr^s^cn pattern column abstracted from 
the dbMC database. The gencfi not repnesented or, the oligonucleotide airays wem marked as N/A Ag showed Ihe correlation of gene patterns at mRNA level oi protein level 

Y indicates agnaemeiil and N discrepancy between changes in cDNA and protein spot intensity. Jhc numbers in bold wcra obtainad with DD 2DE Indicates 2^dlmonsidna! 
gel eieclrophorests; IgE, immu.noglobuiin E; DD. dWerenllal display. '■■"■wibb *-oimonsionai 
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reference for later research on the molecular mechanisms underly- 
ing normal myeloid development. 

The MPRO cell system moiphologicaUy mimics normal myeloid 
diflfetentiation and biochemically proceeds fiathertowaid mature neutro- 
phils than most other in vitro systems. Because the arrest in diifcientia- 
tion of MPRO cells growing in the absence of ATRA is not physdologic, 
there is a theoretical risk that gene expression in these cells is not 
coordinated in die way that it is in nomiial differentiation. It is 
encouraging that, for the most part, the timing of expression of genes for 
proteins of the various neutrophil granules is consistent with the timing 
of (he morphologic and biochemical appearance of these granule 
components during normal myeloid diflEerentiation. 

The DD te<;hnique provides certain advantages for detecting 
and comparing mRN A levels in different samples. First, the method 
is, in principle, similar to competitive RT-PCR, and, with the use of 
stringent PGR conditions, is expected to be about as reliable. 
Second, display patterns are reproducible. Third, the method 
detects the levels not only of RNAs already represented in the 
database but also of unknown RNA species that may represent 
*^cw" genes. Fourth, closely related genes can be distii\giiishcd 
regardless of cross-hybridization, provided there are some single 
nucleotide differences in the 3' end sequence. Limitations associ- 
ated with this technique are that numerous gels are necessary to get 
complete information and that comparison of the levels of different 
rnRNAs is only approximate because of the differential amplifica- 
tion of bands of different sixe or sequence. 

Oligonucleotide chip analysis is a &st and effective means of 
accessing mRNA expTes.sion patterns.^** Clu.ster analysis of groups 
of samples by this approach is effective. However, the present 
results indicate that alternative methods of verification are desir- 
able before the data on an unexpected change in a particular gene 
are definitively accepted. 

To obtain the broadest range of information fiom the myeloid 
differentiation process, both differentiai display and oligonucleotide 
chip techniques were applied in the current study. As a result, 65.3% of 
the observed changes in mRNA levels came fiom the differential display 
method and 4 1 .5% came fiom oligonucleotide chip assays. 

Our data showed in general that changes in expression pattern 
by the 2 methods agreed qualitatively but that there was some 
quantitative variation. Our results indicate that DI> may be a more 
accurate way to detect changes in levels of gene expression than the 
oligonucleotide chip assay. However, improvements in the types of 
oUgonucleotides used in arrays may close this gap in the liiture. 

THg mRNAs for a limited niunbcr of transcription factors vaiy in a 
pattern correlating with that of the mRNAs for primaiy or secondary 
granule prdeius. However, more detailed hifonnation is needed, and the 
underiying mechanisms of granule gene regulation remain unclear. The 
number of potential positive and negative regulatory fectors found here 
is sufficiently small as to make it feasible to perform in vivo studies, 
sudi as chromatin imnumopiecipttation. 

The oligonucleotide chip used in this study focused on known 
genes, whereas the DD method samples all polyadenylated tran- 
scripts. The latter method generated a large number of products not 
associated with known genes, in part because the mouse genome is 
not as well represented in the database as the human genome. 
However, our experience with DD and human mRNAs indicates 
that substantial ftactions of the products represented as ESTs or not 
represented at all in die public databases are cDNA copies from 
intron.s, hnRNA, or other RNA with internal A tujm. 

Approximately 59 sequences obtained fiom gel-display bands 
had significant changes in the level of expression and a sequence 
that did not match that for any named gene in the public databases. 



Of these. 38 had plausible or excellent polyA signals. This is only 
an approximate estimate of the number of new genes found^"* 
because a fraction of the mRNAs for known genes still had poor 
polyA signals. In addition, the full 3' untranslated region is often 
not known for characterized genes, and in some cases these now 
genes may prove to be identical to products identified by the 
oligonucleotide chips when more complete sequences are obtained. 
At the least, their presence indicates that a substantial fraction of 
the regulatory or functional circuitry of maturing myeloid cells 
remains unexplored and that vahmblc tools for theh investigation 
will emerge from a combmation of RNA expression studies and 
analysis of emerging genomic sequences. 

The desired end point for the description of gene expression in a 
biologic system is not only the analysis of mRNA transcript levels 
but also the accurate measurement of protem abundance. The 
developments in 2DE and new MS instrumentation make it 
possible to accomplish this work rapidly and efficiently. In this 
study, we attempted to identify a number of the proteins differen- 
tially expressed between uninduced and ATRA-differentiated MPRO 
cells and to exatnme the relation between mRNA and protein expression 
levels for these genes representing the same state. 

For protein levels based on estimated intensity of Coomassie dye 
staining in 2DE. there was poor corrolation between changes in mRNA 
le\'els and estimated protein levels. Other groups have studied the 
correlation between mRNA and protein levels in yeast and liver 
cells. "••^'^ In the liver cell oxperimcnls."''^ correlation coefficients of 
0.4 to less than 05 were observed. In an extensive smdy in yeast." " the 
ooffelation coeffidenl was high if \h& most abundant mRNAs and 
proteins were considcawl. If a handful of these products was omitted, the 
remaining comdation coefficient was 0.4 or less. However, one 
could restore some of the correlation by averaging individual 
data points into broad prot comic categories.-^^ 

The discrepancies between mRNA and protein levels in MPRO cells 
appear to be substantially larger than those observed for yeast Possible 
causes for the discrepancies include translational regulation, differential 
expression of certain mRNAs at varioas stages of cell growtli in vitro, 
post-translational protein modification that varies with the stage of 
maturation of the cells, and selective degradation or e.xcretion of proteins 
in vivo. Fjirthemioro, here we are focusing on a devebpmental 
time-course, whereas the yeast study concentrated on the organism in 
vegetative growth. New techniques, equipment, and bioinfonnatic 
analysis tools must be developed to make such systematic, global, and 
quantitative analyses feasible. 

The initial studies of protein expression presented here provide a 
cautionary note for eflbrts to interpret cdl composition and function in 
relation to mRNA levels. Discrepancies we observed l^etween gene 
expression and protein abundance suggest that selective post-transcrip- 
tional controls may l>e at least as important as changes m mRNA levels 
in detcrminmg the protein compasition of neutrophils and that they are 
phenomena less well expbred than transcriptional control Analysis of 
mRNA expression patterns is itself only a small beginniug toward a 
gcnomo-wide description of cellular componenlsi 
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Appendix 

Gene symbols used in tables: Actb: aciin, beta, cytupiasmic; Actg: actin. ganima, 
cytoptasmic; Actx: mclanunia X-actin; Aldul: aldolase 1, A isotbtm; AifS: 
ADP-iibosylatiQa liidw 5; AttT : aitivating transcription factor I; Ax32: activating 
iranscriptiou taaor 2; 1303: basic toacSCTitrtion factor 3a; B2ip: peiiphcraV-type 
benzodiazepine receptor, C5vl : compleinart CQmpancoft 5, receptor 1/G protefn- 
coupkd leccptor (C5a); Ccnbl; cyclin B2; Cd36l2: CD36 antigen (collagen type 
( receptor, thrombospondin Teceptar)-liVe 2; Cd53: CD53 antigen; Ccbpa: 
CCAAT/cnIianccr binding protein CEQP, alpha; Ccbpb: CCAAT/cnhanccr 
binding protein (C/EBP), beta; Ccbpd: CCAAT/cnhanca binding protein (CJ 
EBP), delta; Obpc: CCAAT/enlianccr binding protein (C/EBP). epsikm; Cfll: 
cofiUn I.nonmusclc; CmkM: chcraokinc (C-X-C)ieccptof 4; Cmkbrl: ehcmo- 
kiiic (C-Q irceptor 1/Mip la receptor; Qilp: cadiclin-like protein; Qitt': ciliaiy 
netuolropic facKir/anc finger protein PZF; Copa: coatomcr piT)tcin com;^ 
sttbunit alpha; Ctw3: coiboxypcptidiutc A3, mast ccU; Cr2: complcmcnt rccc|ittBr 
1; Crhr: corticotropin rclea.<iing hiTrmomc rcccplur. Crry: complcmcnt rcccptiT- 
rclauxl pwrein; Csflr: CSF I (M-CSF) fcccptor/e-rrm/1CD1I.S; Csf2ra: CSF 2 
(GM-CSF) receptor, alpha, low-amnifj'/CDI 16; Gif2tbl: CSF 2 (GM-CSF) 
receptor, beta 1, low-attiniiy/ll- 3 reccptor-likr protein (AlC2B)/CDwl3I; 



Cst2rb2: CSF 2 (GM-CSF) receptor, beta 2, low-atlinity/IL-3 receptor (A1C2A); 
Ctsb: catfacpsin B; Ctsc: catliepsin C; Ctsd: cadiepsb D; Ctse: cathcpsin L; Osg: 
caihepsia G; Qsh: eathcpsia U; Ct£l: caihepcia L; Ctss: cathcpsin S; Cybb: 
cytoduQmc b-245, beta; Did2: dopamine rece()to): 2; E211: U2I- trauscnptloa 
Cictor 1; Hsi'2: eostuophil-^ociatod litxmucLcase 2; EbU: Upsteii>*Dan: virus- 
induced gene 3/cytiJdnc receptoi^ikc molccub (H)I3); El2: Dalfa/c neutrophil 
elastase; Da2: elastOHe 2; Erb: enhancer of rudimentary homolog (Dru^ophifa); 
Btohi6: cdianol induced 6/slcn}l rq^idaiory element binding transcription factor 1 
(SREBFI) homolog; F2ri2: coagulation factor TI (dinxnbin) roceptoHike 2; 
Fcerlg: Fc ixxeptor, IgE. higli affinity I, gaouua polypeptide; Fcgr2b: Fc receptor, 
IgG, lovi; aliimiy lib; Fcgr3: Fc receptor^ IgG, low atliniiy UI; Fprl: lonnyl 
peptide leceptor L/IMJLP receptor; Gabpbl : GA rrped binding protein (GABP- 
bctal subunitX Gala2: GAIA'binding protean 2; Gdus: guanine nucleotide 
binding [vvtcin, elfiiia stimulating; Gnb2-is 1 : guanine nucleotide binding protein, 
bcta-2. relaled sequence 1; Gpx.1: glutathiune pcmxidafe 3; Grgr rctidcd to 
Dn)Sophita gmiidH) gene; Gridl : gKuamatc receptor ctiannel subunit di-Jta I ; 
Gm: gninultn; Gstmf: gtutathiono-S-transfcrase, mu I; Gus-s: beta-ghicuruni- 
dasc stmcniral; Gys3: gKccgcn i.-yntha<u; 3, bntin; H2-D: histoconipfiitibilit>' 2, D 
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region locus I; Hist2: histone gene con^iJex 2; iCst5-2ax: H2Ahistone fiunily, 
member X: Hmgi: htgU mobiUxy groitp protein I; Hsp60: heat shock protein. 60 
kOa; flti5a: S-hydravytiyptomine (serotonin) receptor SA; Idbl: inhibitor of 
DNA binding l/helix-toop-heJix DKA bimliug pnitein regulator (Id); Idb2: 
inhibitor of DNA binding 2; I&gr. interferon gamma receptor; I&gt2: interferon 
gamma receptor 2; K: la-associatcd invariam chain; II J a: ILl alpha; Iltr2: ILl 
receptor, type U; It2rg: IL2 receptor, gamma chain; lUra: TLA receptor, alpha; 
IHQib: H.IO receptor, beta; U 17r 17 rcceptoi; Irfl: imerfcmD regitlatoiy fector 
1; Ir£Z: interferon regulatory &ctor-2; Itgb2: integrinbeta2 (Cdl8); Itpf5: inositol 
1.4>4iis*phosphate receptor (type 2); Jtaull: Jun proto-oncogene-celated gene 
dlAranscriptiQn factor KTN-D; KIS: Kiuppet-like fiictorUOF; L-CCR: Upopoly- 
saccfaaride inducible OC cfacmokine reoeptor-rclatcd; Lcu2: lipocaltn 2; lAk: 
bw density lipoprotein receptor; Lspl: Lymphocyte-Specific iyS37/|}p52; Lstl: 
kticocytc-specific tmnscript 1 ; Ltb4r: lettkotncne B4 receptor; Lfhr lymphotoxiu- 
beta receptor; Ltf: lactotraosfeixin; Ly64: lymphocyte antigen 64; Ly6e: lympho- 
c>'te antigen 6 complex, locus E; LylJ : lymphoblastomic leukexnio/bHLH &ct(^, 
Lyzs: tysozyme; M6pr mBnoose-6-phosphate receptor, cation dependent; Mad: 
Max dimcrization pcotcio; Man2cl: mannosidase, alpha, claits 2C. member 1; 
Max: Max protein; Mar MYC-associated zinc finger protein (purine-binding 
tmnscription factor); MBP: eosinophil granule major basic protein precursor; 
McptS: mast cell protease 8; Mil: myebid/lymphoid or mixedrlineage leukemia; 
Mmpl3:inatrix.metalloprotcinase l3/collagcuase;Mmp9: matrix metaUoprotein- 
ase 9/getatinase D; Mpo: myeloperoxidase; Myb: myeloblastosis oncogene; 
Mybt2: mycbblastosis oncogcoe-ljke 2; Myc: myclocytomatosls oncogene; 
Mybi: myosin light chain, alkali, nonmusde; Nfatc2: nuclear &ctur of activated T 
ccUs, cytoplasnxtc 2; Nte2: nitclear &ctor. eiytfarokl-derivcd 2. 45 kDa; f^fkbl : 
NF-kappa-D (plOS); Ngp: neutrophilic granuk: protein; NMDRGB: N-methyl-I> 
aspartate receptor gkitam&te-bindiug chain homolog; Npml: nudeophosmifl 1; 
Nr4al: nuclear receptor subfamily 4, group A, member 1; Osi: oxidative stress 
induced; P2rxl : puriueigic receptor P2X, ligaud-gcted ton channel, I ; P2iy2: 
piidnergic receptor P2Y^ G-protein-<oupled 2; P4C^8: P40-8. ftinctional/laminin 
receptor; Phxl: pre B-ccll leukemia transcription &ctor 1; Pfe: properdin factor, 
complement; Piral: paired-Ig-like receptor Al; Pira5: paired-Ig-like receptor 



AS; PirB6: paired-lg-13te receptor A6; Pirb: paircd-Ig- likc receptor B; Plaur: 
urokinase plasminogen activator receptor; PMt putative receptor ptotcin (SP: 
P17152 ); Pml: promyelocytic leukemia; Pig: proteoglycan, secretory granule; 
Ptgi; proteoglycan 3/eosinophil major bask: protein 2; Prtn3: proteinase 3; 
Psma2: proteasome (pxosome. macropoin) subunit, alpha type 2; Ptmb4: protfay- 
mosin beta 4; Pfprc; protein tyrosine pho!?)hatase. receptor type. C; Rnc2: 
RAS-related C3 botulinum substrate 2; Raig: retinoic acid receptor, gamma; 
Rcia: avian retKidoendotfjcUosis viral (v-rel) oncogene homobgA/NF-kappa-B 
p65; RpIiV: ribosomal protein L19; RPL8: ribosomal protein L8; Rpsfikal: 
ribosomal protein S6 kinase polypeptide I; Rps8: ribosomal protein S8; Rtu3: 
reticulon 3; SlOOaS: SlOO calcium binding protein A8 (calgranulin A); S100a9: 
SI 00 calciunvbiuding protein A9 (calgranulin B); Sdfr2: stromal cell-derived 
&ctcr receptor 2; SelL selectin L (lymphocyte adhesioa molecule [); Sema4d: 
semaphorin 4D; Scppl: selcnoprfilein P, plasma. I; Sfpil: SFFV proviral 
integration 1; Shf4gl: split hand/foot deleted gene 1; SklOal: solute carrier 
fiumly 10 (sodium/bile acid co transporter family), member 1; Slpi: secretoiy 
leukocyte protease inhibitor; SoxiS: SRY^iox containing gene IS; Spi2-1: serine 
protease tuhibitar 2- 1 ; Srbl : scavenger receptor dass B 1 ; Stat3: signal transducer 
and activator of transcriptbn 3; Stat5a: signal transducer and activator of 
tmnscription 5A; Stat6: signal transducer and activator of transcription 6; Stral4: 
basic-helix4oop-helix protein-retinoic acid induced; Tbxl: TDXi protein/LPS- 
induccd TNF-alpha factor homolog; Ttigb: T-ceU-roceptor gecmJiae bcla-ehain 
gene constant regbn; 1trB-V4: T-^U-reoeptor gamma, variable 4; Tctexl: 
t^omplcx testis expressed I; Tfdpi: transcription fector Dp I; Tiilb: transcrip- 
tional intermediary factor 1. beta; Tlr4: toll-like receptor 4; Tbfi^fla: TNF 
receptor supcrfamily, member la; Tnttsnb: TNF superfamily, member lb; 
lbmm70a: trensbcase of outer mitochondrial membrane 70 iyeast) homolog A; 
TpL- trbsephosphate isomerase; Trp53: tianstbimation-cvilated protein 53; l;T>b: 
ubiquitin B; Utif2: upstream tianscriptbn factor 2; Yhxi : Y box transcription 
factor; Yhx3: Y box binding protein; Zfpl 1-6: zinc finger protein si 1-6; ZiplR: 
zinc finger protein 1 8 homobg; Z$)36: zinc finger protein 36; Zfpl62: unc finger 
protein 162; 21fp216: zinc finger protein 216; Zfpml: zinc finger protein, 
mtdtitype I ; Znfiil al: zinc finger protein, subfamily LA, 1 (Ikaros); Zyx: zyxin. 
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Bacterial lipopolyBaccharide (LPS) evokes several 
functional responses in the neutrophil that contribute 
to innate immunity. AlUiough certain responseB, such as 
adhesion and synthesis of tumor necrosis factor-oe, are 
inhibited by pretreatment with an inhibitor of p38 mi* 
togen-activated protein kinase, others, such as actin as- 
sembly, are unaffected. The aim of the present stu<i^ was 
to invc^stigate the changes in neutrophil gene transcrip- 
tion and protein expression following lipopolysaccha- 
ride exposure and to establish their dependence on p38 
signaling* Microarray analysis indicated expression of 
13% of the 7070 A£^rmetrix gcmc set in nonstimulated 
neutrophils, and LPS up-regulation of 100 distinct 
genes, including (cytokines and chemokines, signaling 
molecules, and regulators of transcription* Proteomic 
analysis yielded a separate list of up-regulated modula- 
tors of inflammation, signaling molecules, and cytoskel- 
etal proteins* Poor concordance between mRNA tran- 
script and protein expression changes was noted. 
Pretreatment with the p38 inhibitor SB203580 attenu- 
ated 23% of LPS-regulated genes and 18% of LPS-regu- 
lated proteins by &40%. This study indicates that p38 
plays a selective role in regulation of neutrophil tran- 
scripts and proteins following lipopolysaccharide expo- 
sure, clarifies that several of the effects of lipopolysac- 
charide are post-transcriptional and post-translational, 
and identifies several proteins not previously reported 
to be involved in Uie innate immune response. 



Lipopolysaccharide (LPS)/ a coinponent; of the outer cell wall 
of Gram-negative bacteria, evokes a variefy of functional re- 
sponses in the human neutrophil (PMN) after binding to a 
plasma membrane receptor complex that involves the Toll-like 
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receptors (TLRe) (1-5). These "immediate" functional re- 
sponses, includfiig "THn a.'isemhiy, adhcsiooi activation of nu- 
clear factor-kappa B (NF-kB), and priming for an enhanced 
secretory response and for release of reactive oxygen interme- 
diates, appear to be central both to the innate Immtme re- 
sponse and to the pathogenesis of several inflammatoiy htmian 
diseases, including sepsis and the acute respiratory distress 
syndrome (6). p38 mitogen-activated protein kinase (p38 
MAPK) has been shown to mediate LPS-uiduoed PMN adhe- 
sion, NF-kB activation, and TNF-a and IL-8 translation and 
release (7), and its hlockade attenuates LPS-induced PMN 
accumulation in the airspace (8). However, other cascades al- 
most certainly lead to downstream effectors of the LPS signal; 
for example, actin assembly appears to be p38 MAPK-inde- 
pendent (9). An improved understanding of the transcriptional 
and translational responses of (he neutrophil to LPS and the 
modulation of these responses by p38 MAPK might carry 
pathogenetic and therapeutic implications. 

Historically, it has been believed that the downstream PMN 
transcriptional response to LPS is static and that PMN func- 
tional responses to LPS that depend on de novo protein syn- 
thesis are primarily limited to the release of cytokines (10). 
However, recent studies indicate a robust transcriptional re- 
sponse (11). To date, most studies have relied upon and re- 
ported a short list of functional assays of the LPS-exposed 
PMN; therefore, no exhaustive investigation of either the tran- 
scriptional response or protein sjmthetic repertoire of the PMN 
has been reported. AlUiough 8e\'eral techniques have been used 
to evaluate transcripts, the screening of global dianges in 
mRNA by microarray analysis has only recently become possi- 
ble. In this way, thousands of genes can be screened in Euni 
imhiased fashion for transcript abundance. Such genomic 
screens in mammalian cells have previously been applied to 
defme altered expression profiles in response to agonists X 12) 
and to drug action (13) and during cell cycle progression (14). ^ 

Although DNA microarray technology is expected to provide 
insight into the response of the human PMN to LPS (15), 
inhibition of LPS-stimulated IL-1 and TNP-a production by 
p38 MAPK inhibitors in THP-1 cells (16) and of TNF-a synthe- 
sis in human PMNs (9) occurs at a translational level and 
would therefore not be detected by DNA microarrays. Further- 
more, in other systems, such as yeast and human Uver, mRNA 
and protein levels show poor coirelation (17, 18). Proteomics is 
a complementary tool for assessing global changes in cellular 
protein expression, thereby providing additional insight into 
cellular signal regulation. A proteomic approach has proven 
useful in different systems for dissecting signal transduction 
cascades and describing their output (19, 20) tuid has even 
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recently been used to detect novel upsfcrearD messengers in- 
volved in LPS signal transduction (21). We have applied DNA 
microarrays and proteomics to define and compare transcrip- 
tional and post-transcriptional alterations in the LFS-exposed 
PMN and to establish the dependence of these alterations on 
p38 MAPK signaling. 

EXPERIMENTAL PROCEDURES 

Afatenat9— Endotoxin-free reagents and plaatica were used in all 
ezperimenta. Aprotinin« leupcptin, AEBSF, E-64, pepstatin, and bcata- 
tin protease inhibitors, spennine HCl, and a-cyano-4-hydrccKycinnaniic 
add (CHCA) were all purchased firom Sigma Chemical Co. (St. Louis, 
MO). SB203580, a p38 MAPK inhibitor, was purchased from (^io^ 
chcm-Novabtpchem (Torp. (San Diego, CA). For two^imcnsional PAGE, 
rehydration bulTer, cquiHbration bufTera, vertical electrophoresis sclur 
tiona, and 10% homogeneoua po^acrylamide slab gals were puirchased 
from Gtenomic Solutions, Inc. (GSI, Ann Arbor, MI). Sequencing grade 
porcine txypain was ptircliased from Promega (Madison, WI). 

LPS Incubation — PMNa were isolated by the plasma Perooll method 
(22), a technique tfiat yields less than 6% monocytic contaminntio-?, 
resuspended at a concentration of WA X 10^/ml in RPMI 1640 culture 
medium (BloWhittaker, Walkersville, MD) supplemented with 10 mM 
HEPES (pH 7.6) and 1% heat-inactivated platelet-poor plasma. After 
addition of 100 ng/ml Bscherichia ooli 0111:B4 LPS (Ust Biological), 
incubation was carried out with continuous rotation (4 h, 87 *C) both in 
the presence and absence of SB203580. Both AfTymetzix analyaia and 
proteomic analyaia utilized 75 X 10* cells. For microarray analysia, 
uousUmulated and 4-h-treated PMNs were collected from three s^>a- 
rate donors. A more detailed time course following LPS exposure was 
performed using polymerase chain reaction. For proteomic analysis, 
LPS inciibationa from separate donors (n - 6) were performed and then 
analyzed individually. Control and poat-LPS incubation PMNs were 
washed (0.34 M sucrose/1 mM EDTA/10 mM Tris) and then lysed in a 
modified rehydration buf&r (GSI, Ann Arbor, MI) supplemented with 2 
u thiourea, 50 mM dithiothreitol (DTD, 22.5 mM spermiue HCl, and a 
nurture of six protease inhibitors (10 tiefmX aprotinin, 10 fig/ml leupep- 
tiu, 2 mM AEBSF, G fxM E-64, 1 fjM pepstatin, 30 |iM bestatin). DNA was 
pellete^l by centriftigation at 260,000 X g for 60 min (2S). 

Affymetrix Oligomideotide Array — Five micrograms of tntal KKA waa 
isolated with TRIzol (Invitrogen) and RNeasy columns (Qiagen) and 
aubsequentty labeled with btotin as described by Affymetrix. Briefly, 
firatHstrand synthesis was acoompliabed with Superscript II reverse Iran- 
Bctiptaae (Iiwitngen) using a T7-oligo(dT724 primer for 1 h at 42 "C 
fbiiowed fay aeoond-^trand syutheats using 1$, coU DNA po^pmeiase I and 
BNase H (Invitrcigen) at 16 *C for 2 h. Double^tftranded DNA was used aa 
a template for in viiro transcription with T7 RNA polymerase in the 
presence of biotm-labeled DTP end OTP using the BioAtray High Yield 
RNA transcript labeling kit (Enzo). Fifteen micragiams of cRNA was 
(ragmented and used for hybridimtion to. Affymetrix. HuGene 6800F1. 
Cenediijjs. Each sample waa hybridized initial^ tiaing a Te3t2 Genediip 
to te^t for sample degradation and full-length in vitro translation. Data 
were analyzed using Alfymeirix Genechip software. Results from three 
aepamte donors were analyzed. 

Reverse 7)^in$cription and Polymerase Chain Reaction — cDNA was 
prepared by reverse tranacription using 2 /jg total HNA, derived from 
20 X 10^ cells that were treated aa indicated. Polymerase chaia reac- 
tions were performed usitxg spedOc primers for Mx-1, TNF-a, MCP-1, 
p65, S100A4t and glyceraldebyde-S-phosphate dehydrogenase. 

Two-dimensional PAGE—Tba protein ooncchtration of the lyaatea 
was meastured as described by Bradford et al. (24). Poor isoelectric 
focusing (lEF) results were encountered unless the po^ycationic Bperm- 
ine was diluted (data not shown); therefore, tyeates were diluted with 
rehydration buffer (GSI, Ann Arbor, MI) to achieve a final spennine 
concentration of 6 mu. Equal protein bads (1.6 mg) of control and 
LPS^stimuIated neutrophils were used to rehydrate TEF gels overnight 
(16 cm, pH S-IO nonlinear Immobiline DiyStrip IKIF gels, Amersham 
Biosciences; Piscataway, NJ). lEF w&q performed at 20 'C to lOO-kVh 
(Phaser, GSI) under mineral oil, followed by two lO-min SOS equilibra- 
tion steps (DHTT and then iodoacctamldc^containing equilibration huff- 
era, GSI) and then by vertical electrophorcsia on 10% homogeneous 
polyaciylamide slab gela (GSI) nt 600 V. Protein apota were visualized 
by agitation in colloidal Coomassic Brilliant Blue Q-250 (16 h) (25), 
followed by destaining in deionized water (20 h). In separate experi- 
ment, control and LPS-stimulatcd PMN lysates from three donors 
were pooled and then analyzed by two^menaional P.AGE using ovei^ 
lapping narrow isoelectric point (pi) ranges (18 cm, pH 6.0-6.0, 6.6- 



6.7, and 6-11, Amersham Biosciences, Pisjcataway, NJ). Identical lEF 
and vertical electrophoreaia parameters were used tar all gela. 

IrnagQ Analysia of Two-dimensional OeZa--OoUeidal Coomasaje- 
Btained gels were digitized using a Powerlook 11 (UMAX Data SyatemBi 
Inc., Taiwan) flatbed scanner with 6-bit dynamic range and 160-dpi 
resolution. Biolmage (OSI, Ann Arbor, MI) 2D-Analyzer software was 
used to locate, quantitate, and match protein epote oa the control and 
LPS gel images. Analysis was performed fay assigning 60 conunon 
anchor spots between paired images; the remiiining spots were com- 
pared by a constcUation-matcfaing algorithm. All data were ttien care-' 
fuUy reviewed by the operator to account for any dlscrepancieB. Protein 
Loading between controi and experimental gela may have varied be- 
cause of inoonsistendles in rehydration of the difTcrent lEF gel atrips; 
therefore, gel images were normalised so that the sum of the integrated 
intenaities of all matched spots on paired gela was made equal. Contzol 
end Lra-stimulated gel images &om individual danor experiments 
were matched to generate oonqxksite images; ooropoaito images were 
then matched into a master composite image to track, the IPS response 
of protein spots among diCTerent donors (26). Only those spots that were 
common (image-matched) to ell original 12 (pH 3.0-10.0) gels were 
considered for further analyBiB. For these^ epof^i. th? LPS-iiuluced~ 
change in integrated intensity in the six experimeats was eulgected to 
statistical analyBis with a two-tailed Student^s t test, and those spots 
withp < 0.06 were identified by peptide mass fingerprinting (described 
beLow). For the narrow range (pH 6.0-6.0, 6^6.7, and 6-11) two- 
dimensional PAGE experiments using pooled donors, only those spots 
with concordant regulation exceeding 1.6-fold or that appeared de novo 
in the LPS gel in two repeat experiments were further analyzed. 

In-gel Tryptic Digestionr-An-^ digestion of protein spots was per- 
formed with sequencing grade porcine*modified trypsin using the 
method of HeUman et al. (27). TVyptic peptides were then extracted (60 
/d of 60% acetonitrile/5% trifiuoroacetic acid, 2 h), and the eupematont 
was taken to diyness in a vacuum ccntiifiige and then rcdissolved in 
trifiuoroacetic acid (20 /d, 0.6%). Peptides were then purified and con- 
centrated using Sp'Rpcia pipette tips (Miliipore, Bedford, MA). 

MALDI-TOF Mass Spectrometry--AxkafysGa were performed on an 
Applied Bio.<iy8tema matrix-assisted laser desorptlon ionizatbn time-of- 
fli^t (MALDI-TOF) Voyager-DE PRO mass spoctromoter (Framing- 
ham, MA) operated in delayed extraction mode. Samples (Oii /xl) were 
spotted onto a sample plate to which matrix (0.5 ^ of 10 mg^i CHCA) 
was added. The sample-inatrix mutture was dried at room temperature 
and then analysed in reflector mode. CHCA was also spotted alone as a 
negative oontroL Spectra were the aum of 100 laser sluts, and those 
peaks witli a aignal-to-noise ratio of greater than 3:1 were eelexted lor 
data base searching. Spectra were internally calibrated using autolytic 
trypsin peptides (nx/r 842.61, 2211.10). 

Data Base Searching Algorithm—The monoisotopic masses for each 
protonated peptide were: (a) entered into the program MS-Fit (available 
at prospector.ucsfedu) for aearchea against the Swiss-Prot, NCBI, 
and QenPept databases, and (6) entered into Mascot (available at 
matrixscienoexam), an algorithm testing statistical significance of pep- 
tide mass fingerprinting identifications. For MS-Fit searches} mosses 
derived from trypsin, CHCA, keratin, and Coomassie Brilliant Blue 
O-260 were excluded. Search parameters included a maximum allowed 
peptide mass error of 0. 1 Da (0.6 Da in the few instances in which linear 
mode was used), consideration of one incomplete cleavage per peptide, 
pl range of S.0-10.0, and molecular mass range of 1-200 kDa. Accepted 
modifications included cajtbamidomethylation of cysteine residues 
(from iodoaoetamido exposure following lEF) (28) and Methionine oxi- 
dation, a common modification occurring during SDS-PAC3E (29). Pro- 
tein identifications were assigned when three criteria were met: I) 
statistical significance (p < 0.05) of the match when tested by Mascot 
(matrixsdence.oom); 2) >20% sequence coverage hy the tiypUc pep- 
tide; and 8) concordance (±16%) with the molecular weight and pi of 
the parent two-dimensional PAGE protein spot. The following special 
exceptions were considered: (a) protein identifications not fulfilling 
critmon 2 were still assigned if criteria 1 and 8 were fulfilled and no 
other Homo sapiens proteins with peptide mass-matched p values < 
0.05 were identified by Mascot; (b) if criterion 3 was not fiilfilled (lower 
than expected moloctdar weight), a dcavage product of the identified 
protein was inferred, and the cumulative molecular weight of the tiyptic 
peptides was compared with that of the twoKlimcnsbnal-PAGB spot to 
ensure that it was not exceeded; (c) if criterion 8 was not fulfilled (isolated 
discordance between theoretical and observed pi), post-tnmslational mod- 
ification of an unmoovered peptide waa inferred; and (ci) if two or moreH. 
sapiens protein assignments with >4 mutually exclusive matdiing pe|>- 
tides were idcaitified, a protein mixture in the two-dimcnaionaJ PAGE 
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Bpot was inferred and turiher analysis halted (quantitative oonduaious 
regarding the individual protein oonatituenta could not be drawn). 

Genes Differentially Expreeeed in LPS-stimulated Neutro- 
p/iiZff—Human FMNa were left untreated or incubated in- the 
presenoe of 100 ng/ml LPS for 4 h. As a control to confirm that 
Uie PMNs were quiescent at baseline and that LPS resulted in 
normal ^timidation, mRNA was isolated, cDNA was prepared, 
and PGR for TNF-a was performed. liUle TNP-a espiession 
was seen in nonstimulatcMl cells, whereas LPS treatment led to 
an increase, in expression in each of the donors subsequently 
used for microorray analysis (data not shown). No macrophage- 
colony stimulating factor receptor transcript was detected by 
oligonucleotide microarray analysis, confirming there was no 
significant monocytic contamination. 

Human PMNs express a limited repertoire of mKNA tran- 
scripts at baseline but resix>nd to LPS with difTerential cxpres- 
f?ion of genes in many femilic^. Considering only those genes 
present by microarray analysis in all three donors, unstimu- 
lated PMNs expressed 13.0% (923 of 7070 genes) of the Af- 
fymetrix gene set. Gene classes represented at baseline include 
metabolic ensgrmes, structural proteins, receptors, signaling 
proteins, and transcription factors. By comparison, human 
monopytes expressed ^40% and human fibroblasts —36% of the 
represented genes (data not shown). By the criterion of a >3- 
fold increase in expression in all three donors on A%metrix 
oligonucleotide array analysis, exposure of PMNs to LP'S for 4 h 
resulted in the up-regulation of 100 genes (Table D. 

Genes from several different functional classes were induced 
in PMNs following LPS exposure. Of interest, a number of 
transcriptional regulators were induced, including transcrip- 
tion factors of the NF-kB family. The transcriptional NF-kB 
complex has previously been impHcated in the regulation of the 
genes induced by LPS (11). The genes for several cytoldnes and 
chemokines were also found to be up-regulated. These include 
TNF^ ILrlfi, IL-e, MCP-U AfZP-3a, and MIP-X^ (Table D. 
PGR was performed to confirm tJie residts firom the microarray 
analysis. PGR analysis on selected genes indicates that the 
time course for changes can be rapid or delayed but parallel the 
changes found in the array at tiie 4-h time point (data not 
shown). Other up-regulated genes included those for metabolic 
enzymes, immune response molecules, kinases, phosphatases, 
signaling molecules, adhesion and cytoskdetal components, 
interferen-stimulated genes, and those with xmknown or mis- 
cellaneous fimction (Table I). 

LPS stimulation of PMN also resulted in the down-regula- 
tion of 56 genes (Table II). Down-regulated genes were identi- 
fied as transcriptional regulators, protein and lipid kinases and 
phosphatases, structural molecules, and signaling molecules. 
Genes for metabolic proteins were also evident, as were several 
uncharacterized genes. 

7\uo-dimensioncd PAGE and Image Analysis— In contrast to 
the hmited number of transcripts foimd at baseline, PMNs 
were found to cxpniss a large number and variety of preteins in 
the nonstimulated state (Fig. 1, A and C, and Tables ETI-V). 
Reproducible pretein expression patterns were found on die pH 
3.0-10.0 gels, end the msgority of proteins fell in the pH 5.0- 
7.0 range (Pig. lA). The basic region (pH > 7.0) consistently 
(^ibited poor resolution, precluding meoningfiil image analy- 
sis and fiirther workup (data not shown). Depending on the 
spot-finding parameters (minimum spot intensity, filter width) 
selected on ttie image analysis software, spot-by-spot manual 
editing was found to be necessary to avoid over- and underde- 
tected spots; moreover, further manual editing was performed 
to screen for unmatched and mismatched spots following 
matching of paired ctmtrol and LPS-stimulated gels. After spot 



editing, -1200 well-resolved spots were evident on each pH 
3.0-10.0 gel. In an attempt to improve resolution of the pl 
range bearing the greatest number of well-resolved spots, over^ 
lapping narrow pH range gela (pH 5.0-6.0, 5.6-6.7, 6-11) were 
also run. Of interest, a similar ntunber of well-resolved spots 
(--1200) were detected on the narrow pH range gels (Fig. 1, C 
and D). Assuming a detection limit for Goomasaie of 15 ng (0.25 
pmol, or 1.5 X 10^^ molecules, for a 60-kDa pretein) and a 
pretein load per gel corresponding to 76 X 10° PMNs, we 
estimate a detection limit on our gels of 2000 molecules/cell for 
a 60-kDa pretein. As investigatore have suggested In other oeU 
lines with the use of high resolution two-dimensional-PAGE 
methods (30), we estimate that >10,000 proteins are expressed 
in the resting PMN. 

Human PMNs respond to LPS with the difierential expres- 
sion of a large number of preteins. In the six individutd pH 
3.0-10.0 experiments, the number of protein spots that in- 
creased in int^ratcd intensity by at least 50% followipg I^^ 
exposure was 186, 122, 104, 104, 96, and 131, respectively. The 
number of pretein spots that decreased by at least 60% follow- 
ing LPS exposure was 72, 161, 102, 98, 128, and 97, respec- 
tively. Although gel-to-gel regional variability in resolution was 
expected to account for individual spots not being well visual- 
ized on particular gels, only those spots that were matched to 
all. 12 original gels were analyzed further. Overall, the number 
of spots matched to all 12 original gela was 125. The numbers 
of spots that were both matched to all 12 original gels and that 
increased by at least 50% in integrated intensity in the indi- 
vidual experiments foUowing LPS exposure were 46, 13, 17, 27, 
22, and 20, respectively. The numbers of spots that were 
matched to all 12 gels and that decreased by at least 60% were 
6, 22, 17, 22, 34. and 28, respectively. The LPS-induced change 
in integrated intensity of the 126 spots Uiat were matched to all 
12 original gels was suhgected to statistical analysis with a 
two-tailed Student's t test, and those spots with statistically 
significant (p < 0.05) regulation among the six experiments 
were identified by peptide mass fingerprinting (Table HI). 

Identification of LPS-regulated Proteins — Several proteins 
were consistently up-regulated on the pH 3.0-10.0 gels (Table 
m), including regulators of inflammation (annexin HI) and 
signaling molecules (Rab-GDP dissociation inhibitor p). Sev- 
eral actin fragments were seen to be consistently up-regulated 
in the six experiments following LPS exposure (Table HI). Of 
interest, (he proteasome 0 chain was also consistently up- 
regulated. Down-regulated preteins included other signaling 
molecules, such as Kho GTPase activating pretein 1. 

On the pH 6.0-6.0 and 5.6-6.7 gels, several proteins were 
found to show increases of greater than 1.6-fold following LPS 
exposure (Tables IV and V), including cytoskeletal proteins, 
such ns moesin, nonmuscle myosin heavy chain, and a putative 
phosphorylated form of nonmuscle myosin heavy chain, and 
signaling molecules, such as protein phosphatase 1 and PO4- 
stalhmin. The putative phosphorylated form of nonmuscle my- 
osin heavy chain {spot HlOl) was positioned 0.03 pH unit more 
acidic than the unmodified protein {spot ^1102) (Fig. ID) und 
was distinguished by a tiyptic peptide (m/z 1366.74) not pres- 
ent in the unmodified protein, consistent with phosphorylation 
of serine 665. Serine 686 is predicted by NetPhos 2.0 Prediction 
Server (available at www.cb8.dtu.dk/8ervices^etPho8/(31)) to 
be a liigh probability phosphorylation residue and by Scan- 
Presite (www.expasy.ch/tools/scnpsite.html) to be a substrate 
for protein kinase C. The tryptic phosphopeptide identified in 
P04-etathmin, extending fit)m residues 16 to 27 (1468.7 Da), is 
consistent with phosphorylation of either serine 16, a known 
substrate for Ga^Vcalmodulin (GaM)-dependent kinases (32), 
or serine 25, a known substrate for p385 and £RK (Fig. 2A) 
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TABIiS I 

Human neutrophil genes induced after 4 kef LPS ei^sure 



Description 



GcnBuiak~ no. 



Chtixige>fald 



Trazuscriptiona] regulation 
PleUmorphic adenoma gene-like 2 

NFKB 2 ^ 

NFKBIB 

p65 

BCU 

X'box binding protein 1 

Metal-regulatory transcription factor 1 

Ets2 

e -Hel 

NFKBl 

BoBic leucine zipper transcription factor, ATF-like 
1KB 

MAX dinierization protein 

om 

Cytokines and receptors 
MCP-i 

MlP-lfi 

aHelix coiled-ooil rod homolog 

QJtm (beta) 

TNF-a 

MIP-3» 

ILIORA , 

IL-e 

OROa 

HM74 

Immune response 
Orosomucoid 

Complement component C3 

Protease inhibitor 9 

Complement component 3a receptor 1 

Protease inhibitor 3 

5/4p//antUeukoprotea6e 

ELANH2/cla&tase inhibitor 

CDSS 

Complement component PFC 

Kinases 
CNKtFNKfPLKdike 
Cot 
Pim-2 
UMK2 

Phosphatases 
PAC-imUSP2 
DUSP5 
PHAl 

Bignaling molecules 
mFAJPl/A2Q 
TRAFl 
RanBP2 
GNA16 
PTAFH 

Aidhedon and cyiot^eleton 
ICAMl 

CKACAMI (bilary glycoprotein) 
UMSl 

SNUadiTi bundling protein 

Galeeun-IfLGALSl 

MEMD/ALCAM 

CD44 

TSG'6 

Metabolic 
OTP cyclohydrolase I 
NZ7(//V2/ubiquinone reductase 
PSAfAfiAprotcosome iota) 
TIDP-galactose transporter {SLC3SA2) 
PLAU (urokinase) 
li!lWU/t-kynurenine hydrolase 
AMPD3 

P4HAlfitto\y\ 4-hydraxyl&se 
y Glutnmylcysteine synthetase 
ATP6D 
ATP6S1 



D83784 
S76638 
U91616 
L19067 
U05681 
M31627 
X78710 
J04102 
X7B042 
M58603 
U16460 
M89&i3 
L08895 
S81914 



M69203 

M72885 

AF014958 

X04600 

M57731 

X02910 

064197 

U00672 

Y00081 

X64489 

D10923 



XQ2S44 
K02785 
U71364 
U28468 
U0343 
X94470 
M9305G 
Y00636 
MB3652 

U56998 



16.8 
12.3 
11.5 
8.4 
7.7 
7.5 
7.4 
7.4 
6.2 
6.8 
4.7 
3.8 
3.6 
3.1 



78.7 
48.8 
20.8 
17.6 
17.3 
14.5 
8.1 
7.3 
6.3 
4 

3.S 



20.2 
12.8 
9.5 
6.1 
4.9 
4.7 
4.6 
3.8 
8.5 



16.2 



D14497 


11,9 


U77735 


9.6 


045906 


4.3 


U1329 


11.8 


U15932 


5.3 


U78477 


3.4 


M59466 


10 


U19261 


6.2 


D42063 


5.6 


M63904 


5.2 


D10202 


3.9 


M24283 


22.4 


X16354 


6.3 


U09264 


6.1 


U03057 


5.9 


M57710 


4.7 


U30999 


4.2 


HG2981— HT3126 


3.9 


M31165 


8.7 


U19523 


13.5 


M22538 


6.6 


XS9417 


8.4 


084454 


7.3 


X02419 


. 6.4 


U57721 


5.5 


D12775 


5 


M24486 


4.7 


L35S46 


4.5 


J0S682 


4.2 


D16469 


4 



LPS-activated Neutrophils: Microarrays and Proteomics 



31295 



Tabi£ I— continued 



Dcscripftion 



GeaaBank^na 



Chango-fotd 



Glycerol kinase 

FACIA 

AKB 

'Ihtefferon-iadiicible 
JSG15 
Mxl 

mss 
muo 

GBPI 
PRKR 
IFIT4 
IFIS4 
IFIS8 
IFP35 

Other 
Gos2 

MIHCflAPI 
. lOAAOIOS 
KIAA0118 
SNAP23 
CASP5 
fOAAOlia 
KIAA02S5 

Hepatoma-iierived OF 

PTaS2 

CD48 

UNC229 homolog 

KLAAOm 

Rablb 

Annexin VIJ 

KIAAOUO 

AdrenonteduUin 

AIM! 

KIAA0250 

PS-J 

Scavenger receptor expressed by endothelial cells 
VHL 



L09229 
X60673 



M1375S 
M33882 

M34465 
M55542 
U6064d 
U62513 
M14G60 
U34605 
U72882 



M72885 

U37546 

014661' 

042087 

US5936 

U2B015 

D30755 

087444 

D16431 

028235 

M37766 

U40998 

068485 

XM035660 

J04543 

014611 

D14874 

U83115 

087437 

Tj06175 

063483 

L15409 



3.6 
3.5 
3.3 

22.5 
19.4 
12.1 
6.2 
4.3 
3.7 
8.6 
3.5 
3.5 
3 



48.8 
7.2 

•5:i" 

6 

5 

4.8 
4.8 
4.7 
4.7 
4.6 
4.3 
4.2 
3.9 
3.8 
3.7 
3.7 
3.7 
3.6 
3.2 
8.2 
3.2 
3.1 



(33). Assuming that no other multiply phosphorylated etath- 
znin Bpccies had escaped dctcctictn, analysis of the integrated 
intensities of the PO^-stathmin and stathmin spots indicates 
that the percentage of the PO4 form of total cellular stathmin 
increased from 11% to 38% with LPS stimulation (Fig. 2B). 
This is similar to a previous report of an increase from <10% to 
35-40% of the Ser^-phosphoiylattid form in Jurkat cells stim- 
ulated with anti-CD3 (34). 

Effect of SB203580 on LPS-stimuLated Gene Expression— 
One expression analysis of PMNs stimulated with LPS indi- 
cated that the mtgority of genes induced by LPS were unaf- 
fected by prior treatment of PMN with SB203680. Of the 100 
genes up-regulated by LPS, the up-regulation of 23 was inhib- 
ited by greater Uian 40% (Table VI). The majority of these 
genes aflFected by SB203580 were inhibited by less than 60%, 
whereas onlj' six were inhibited by greater than 80%, all of 
which represent previously identified interferon-stimulntcd 
genes. Induction of cytokine genes by LPS, witli the exception 
of IL-6, was generally unaffected by SB2()3580. 

Effect ofSB203580 on LPS-stimuUUed Protein Expressiorir- 
Similar to the effect of SB203580 on LPS-stimulated gene 
expression, little effect of SB203580 was seen on expression 
levels for the m^ority of LPS-regulated proteins (Table VID. 
Two exceptions are annexin III and a-enolase, for which LPS- 
stimulated expression was attenuated in the presence of the 
p38 MAPK inhibitor. 

Comparison of Microarray and Proteomics Results— Of the 
LPS-regulated proteins identified by peptide mass fingerprint- 
ing for which probes were present on the oligonucleotide mi- 
croarray, poor concordance was found at the mRNA level (Table 
Vin). For 13 LPS- up-regulated proteins, 2 corresponding 



mRNA transcripts were up-regulated, 1 was down-regulated, 5 
were unchanged, and 5 were not detected by the Affymctrix 
chip. For 6 down-regulated proteins, 3 corresponding tran- 
scripts were down-regulated, 1 was unchanged, and 1 was not 
detected. Vaiying patterns of LPS regulation emerge for those 
candidates detected at both the transcript and protein level. 
Protcasomc )3 chain was up-regulated at both the transcript 
and protein levels (Table AHI), with no notable effect of 
SB203580 on expression at either level. Similarly, CAPl, Rho- 
GAPl, and ficolin 1 were down-regulated at both the mRNA 
transcript and protein level (Table Vm), with no notable effect 
of SB203580. Annexin UI was down-regulated at the transcript 
level and up-regulated at the protein level, with an inhibitory 
effect of SB203580 seen only at (he protein level (Tables VII 
andVm). 

DISCUSSION 

Interaction of bacterial LPS with the human PMN repre- 
ecnts a model system for studying the activation and output of 
the innate immune system during infection and inflammation. 
A recent publication (35) describes the gene expression changes 
of a cultured monopytic cell line after infection by the Gram- 
positive bacteriimi Listeria monocytogenes. The cell wall com- 
ponents of Gram-positive bacteria, like Gram-negative-derived 
LPS (i.e. from E. coli\ are known to signal trough TLRs (36, 
37). Importantly, many of the expression changes foxmd in 
LPS-stimulated PMNs in the present stu^y were also described 
in the bacteria-exposed monocytic cells, indicating that many of 
the gene expression changes seen in bacterial infection are 
likely mediated by TLRs (38. 39) and that the LPS model 
system accurately reflects exposure of immune cells to infec- 



31296 LPS-actiuated Neutrophils: Microarrays and Proteomics 

Tabijr U 

Human neutrophil genes repreased C>4-fold) after 4 h of LPS exposure 



Description CenButik^ no. OuiQfte 



•fOd 

Kinases 

CAM;_I/, ganuna Ufi0360 . -4 

Diacylglyeerol kinase, delta D63479 -4.2 

P/iiirCZ^/PRK2 protein kixiase C-like 2 U33052 -4 3 

MAPKAPK3 U09578 -6.3 

Protein kinase Ht31, cAMP-dependent HG2167-HT2237 -8 

CAMKU Ii07044 -9.8 

Trtmsportesro 

SX«C2SA5/6olute carrier family 25, meiDber 5 J02683 - 4,2 

£rLC79Ai; folate transporter U17566 -4!4 

SLCBAS; fediitated glucose transporter M206B1 -5 



Metabolic 
Carbonic anhydrase IV 
KNase A family, k€ 
Glycogen phosphorylase; liver 
lnositol'p6iyphospkate-5-pki3Spiiatase 
Inositol I^t^-trisphosphate 5J6-kina8e 
Ttanekeiolase 

Protein phosphatase 4, teg. euhunit 1 (clone 23840) 

Cytidine deaminase 

MQATJ 

HMOXl 

MAN2A2 

(Hycogenin (also represents U31525) 



fitnictunil 

Fibrinogen-Hke protein (pT4d protein) Z3663I -4.2 

H2AFZ M37583 -4.7 

Paxillin UH588 -4.9 

fjaminRR L25931 -5.9 

Dynamin 2 L36983 -6^2 

Actininl M95I78 -6.7 

ofTuhulin X01703 -10 

7Yi6m/hi, til, isoform 44 HG2259-HT2348 -15 

TranGCriptional regulators 

Lympfioblastic. leukemia-derived sequence 1 M22638 -4.4 

MAX'interacting protein 1 L07648 -4.5 

Nuclear factor crythroid 2 isoform f S77763 -6 

Transducer ofERBBB, 1 D88305 »6.9 

NFATC4 L41067 -7.8 

ATF-2 tCRR-BpH) Ii055Ui -9.6 

Receptors 

Lymphotoxin 0 receptor L04270 -4.4 

Folate receptor .3 (gamma) U06471 -6 

U11875 -5,3 

Signaling 

Pu-o; coo;-2 <KIAA0006) D25304 -4.5 

ARHB/Hho^ M12174 -4.5 

TATFSF/O; TRAIL US7518 -6.6 

Ca"'*' binding 

ANXIT L19605 -4.3 

S100A4 M80563 -4.8 

ANXJ X05908 -4.8 

Other 

ProtecUpid protein 2 Ij09604 -4.9 

Protein phosphatase 1, a catalytic subunit HG1614-HT1614 -5 

77AfP2 M32304 -5.1 

jaAAOm D83782 - 5.2 

ttpm 2 (KIAAU249) D87436 -5.6 

LRAfPCJawl) U10485 -6.8 

CUGBP2 U69546 -6,9 

Clone 23933 U79273 -7 

PBCAMl L34657 -8 

Delta slecp'inducing peptide Z50781 —8.7 

DiGearge synd, critical region gene 2 (KIAA0163) D79985 -9 

SELPLG;CD262; seiectinPU^and U259SG -32 



L109S5 -4 4 

U64998 -4.5 

M14636 -46 

U57650 -4.6 

U51336 -4.7 

L12711 -4.8 

U79267 -4.9 

1427943 -5,4 

M55621 -5.4 

X06985 -5.4 

1^8821 . -6.8 

HG4334-HT46(W -6.9 



tion. Nevertheless, the reliance upon DNA inicxt>arrays alone 
affords insight only into the transcriptional response without 
corroboration at the protein level. In the present study, appli- 



cation of both DNA microarray and protcomica technology to 
our model sj^tem provides unique insight into both the cellular 
biology of the activated PMN and the responsiveness and reg- 
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Pig. 1. Two-dimcusioxutl PAGE of LPS-exposed human PMNs. 
A and B, colloidal Coomassie Blue-etained pH 3.0-10.0, two-dimen- 
Giooal PAGE gels (A, control; B. LPS-expOBcd) with up-re^atcd isolid 
arrows) and down-regulated Oiatched arrows) protciaa indicated. Tbeso 
results are representative of six separate experiments. C and D. colloi- 
dal Coomflfisic Bluc-6taincd pH 5.0-6.0, two-diTnensional PAGE gels 
fC, control; D, LPS-expdsed) with up-regulated (solid arrows\ new 
(solid arrow, open arrowhead)^ and down- regulated (hatched arrows) 
protein.** indicated. LPS-exposed PMNs from three blood donore were 
pooled. 

ulation of its tranecriptional and translational machinery. As 
will be discussed below, our study identifies, in paiticular, 
no\'el aspects of the LPS-stimulated PMN transcriptional reg- 
ulation, activity in the innate immune response, signaling, 
cytoskeletal reorganization, and priming for granule release. 

In the present study, the increase in NF-kB transcript abun- 
dance (Table I) detected by the microarrays corroborates the 
findings of other studies of PMNs and monocytes (40) and 
indicates a mechanism for the responsiveness and scope of the 
PMN transcriptional machine^' following LPS exposure. NF- 
kB, recently described to be activated by LPS through the 
TLR/MyD8fl/intefleukin-l receptor-associated kinase pathway 
(1, 4), is the only transcriptional complex reported to be in- 
duced by LPS in the PMN. However, because the transcrip- 
tional NF-kB complex has been implicated in the regulation of 
only a portion of the genes induced by LPS in this study (data 
not shown), Uie importance of alternative transcriptional reg- 
ulators in tiie PMN is clear. Of interest, several other known 
and putative transcriptional regulators with less well defined 
functions were also up-regulated in the present study, includ- 
ing PLAGL2, a putative zinc-finger protein, XBP l, MTF-l, 
Et8-2, B-ATF, and DIF'2. On the other hand. LI>S-down-regu- 
lated genes include ATF'2 (a known target of p38), NFATC4, 
TOB-2, NF-E2, MXI-1, and LYL-1. Although the exact i-ole of 
these gene products in regulating cell fimction is unknown, 



these data indicate ttiat (he range of transcriptional responses 
in the LPS-stimulated PMN is much broader than previously 
suggested and that the signaling capabilitiee of the PMN in the 
immune response are thereby likely extended in scope and 
specificity. 

As expected from Uie literature, the-genes for several cyto- 
kines and chemokines, including JL-Jft JL-fi, and MIP-Jp, were 
found to be up-regulated (Table I). On the other hand, tiie 
notable absence of up-regulated cytokines in the proteomics 
experiments reflects their removal in (he post-LPS incubation 
wash performed prior to lysis for two-dimensional-PAGE. Up- 
regulation of these inflnmmatoiy mediators is well documented 
in PMNs exposed to LPS and in animal models of LPS-induoed 
sepsis syndrome and acute respiratoiy distress syndrome, a 
PMN-mediated illness (41, 42). Several genes in this family 
were ujKregulated that have not, to our knowledge, been de- 
scribed in LPS-stimulated cells, including MCP-l, GR03, 
IL-lORAf and HM74, an orphan G protein-rrcupled receptcr 
with homology to chemokine receptors. The down-regulation of 
TNFSFIO, fymphatoxin b receptor, and TNFAIPl were also 
observed. The modulation of genes involved in cytokine signal- 
ing, including the adapter molecules TRAFl (LPS and TNF 
receptor eignaUng) and TNPAIPl (TNF receptor signaling) and 
several kinases and phosphatases, may indicate a chnnge in 
cytokine responsiveness alter LPS treatment. Relevant in this 
regard from the proteomics data are: 1) the up-regulation of 
protein phosphatase 1, which has been shown to regulate PMN 
NADPH oxidase activation and translocation (43, 44) and to 
regulate LPS-induced NF-kB activation (45); 2) the down-reg- 
ulation of Rho-CJAPl, which has been shown to regulate 
NADPH oxidase activity in the PMN (46); and 3) the up- 
regulation of P04-stathmin (Table IV), a phosphoprotein pos- 
tulated to function as a relayer and integrator of multiple 
signal transduction pathways (34). Several noncytokine, 
nonchemokine genes involved in the immune response were 
also up-regulated, including the complement pathway mem- 
bers C3, C3AR2, and PFC\ the protease inhibitors ELANH2 
(elaatase inhibitor), SLP/, PI 3, and jP7-9; and the acute phase 
pretein orosomucoid. LPS regulation of C3AR1 and orosomu- 
cold expression have not previously been reported. In the pro- 
teomics experiments, the down-regulation of ficoliji-l (Table m), 
a ooUectin-like cell surface protein reported to activate the com- 
plement gystero and to mediate adhesion and phagocytosis in 
mono(7tes but not previously reported in granuloc^s (47), may 
represent negative modulation of the innate immune response. 
The finding that genes other than cytokines and chemokines are 
regulated by (he PMN in response to LPS indicates that the PMN 
plays a more sophisticated role in host-defense and immunity 
than previously thought 

Treatment of the PMN with LPS lead to the induction of a set 
of genes associated with the anti-viral l^e I interferons, 
IFNo/jB. This induction occurs independently of the release of 
IFN or another unidentified soluble factor.^ Furthermore, the 
set of genes expressed is smaller than Uiat induced by IFNa/0, 
as described by Der c< al. (12). This may be due to differences in 
the scope of the signaling systems activated liy LPS and 
IFNo/jS. or the time course of analysis of genes in the LPS- 
stimulated PMN. The implication that LPS treatment of PMN 
allows PMN to express anti-viral activity is currently being 
tested. Of interest was the fmding that induction of interferon- 
stimulated ^jenes was blocked by pretreatment of PMNs with 
SB203580. Work from our laboratory has indicated that signal 
transducers and activators of transcription activation does not 
occur in response to LPS in PMNs.^ In addition, interferon- 



^ K. C. Malcolm and G. 6. Worthen, manuscript in prRparation. 
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Tabib in 

Analysis of pH 3.0-10,0 two-dimensional PAGE gda 
Mean chahge(-fold) in expreaaitm levd among eix PMN donora ia reported. The change in expression for the proteins liatod was statiusticaUy 
Bignificant (p < 0.05) as measured t y a two-tailed Students t test. . ' . 

IdeziUfieation [spot noj 

Up-regulated 
ProteasomB p chain [646] 
Anncxin III {650] 
Actin fragment [544|" 
Actin/ro^pTicnt [5911"* 
o-Enolase (3601 

Rab-GDP dissociation inhibitor 0 [2B9] 
Glutathione .S-transferafie P [648] 
Pre-B-cell colony enhancing &ctor (1152] 

Down-regulaied 
Adenylyl cydase-associated protein 1 [2361 
Rho-aAPl [283] 
Ficolin 1 [511] 



SwitM-Prot no. 


GGtiiDatod 


Liieoroucsi 


rC]ju(i69 uaicnea/ 
Bubnutted ' 


ITOIClXl 

covered 


mean 
change 








% 


. % 


/oW 


P2a070 


27/5,7 


29.2/5.72 


9/12(75%) 


86% 


1^1 


P12429 


31/5.7 


36.4/5.6 


14/18(78%) 


42% 


1.37 


P02570 


32/5.5 


141.7/5.29) 


13A5(87%) 


134%) 


1.74 


P02570 


30^.4 


(4L7/5.29) 


14/18(78%) 


(29%) 


1.60 


P0673S 


41/5.7 


47.2/7.01 


9/10(90%) 


24% 


1.65 


P50395 


60/6.1 


50.7/6.11 


10/11(91%) 


25% 


1.24 


P09211 


23/5.5 


23.4/5.43 


6/8(75%) 


41% 


1.54 


P43490 


53/7.0 


55.5/6.69 


12/16(75%) 


25% 


1.29 


Q01518 


55/7.3 


51.7/8.07 


16/22(73%) 


34% 


0.53 


Q07960 


, 50/5.8 


50.4/5.85 


7^ (78%) 


22% 


0.67 


000602 


33/6.5 


3S/6.89 


10/12(63%) 


25% 


0.74 



• The theoretical pi and Mr. of native actin are indicated. Protein coverage indicates coverage of native actin. 

Table IV 

Analysis ofpH 5.0-6.0 two-dimensional PAGE gels 
Resulte arc from pooled samples for control (n==3) and LPS-exposed (n = 3) PMNs from human donors. Expression of tiie reported proteins was 
altered > 1.5-fold following LPS exposure in two repeat experiments. •New" designates proteins seen in tho LPS gel in two repeat experiments but 
not detectable in the corresponding control gels. • 



Identiiicatitfli [spot no.| 


Swiss-Prot 
no. 


Estimated 


Th<areticaU 


Peptides matched/ 
submitted 


Protein 
covered 


Change 












« 


•fbld 


Up-regulated 
Protein-tyrosine kinase 9-Uke [468] 
Protein phosphatase 1, catalytic subunit^ p isoform 
[378] 

PO^i-Btathmin (5771 

Nonmuscle myosin heavy chain [1102] 

Putative PO^-nonmuscle myosin heavy chain [1101]'' 

Levkocyte elastase inhibitor [318] 

Orancalda [1004] 


Q9Y3F5- 
P37140 


34/5.81 
38^.73 


39.5/B.37 
87.2/5.84 


10/14(71%) 
7/10 (70%) 


34% 
22% 


1.8 
2.0 


Hill 


18^.36 
145/5.32 
145/6.29 
42/3.71 
24/5.36 


17.3/5.76 
146/5.23 
145/5.23 
42.7/5.9 
24.0^.02 


9/12175%) 
20/21 (96%) 
14/16 (87%) 
9A3 (69%) 
7/10 (70%) 


42% 
17% 
13% 

22%. 
31% 


2.1* 

New 

New 

2.4 

New 


Doum-regulated 
Adenosylhomocysteinase [324] 

PEST phosphatase interacting protein homolog (234)<' 


P23526 
4100162^ 


48/5.62 
46^.30 


47.7/6.04 
47.6/5.35 


7/9i78%) 
11/13(85%) 


14% 
30% 


0.4 
0.5 



" TrElVfBL accession number. 

^ Accession number and theoretical pi and for the unmodified protein are indicated. 
" NCBl accession number. 
^ See text for explanation. 

" /Vmong three experiments, the rotio of PO^-stathmin expression increase, following LPS exposure in the presence of SB203S80 divided by that 
in the absence of SB203580, was 0.93. 
^ Genpept accession number. 

* This search was performed using average masses measured by linear mode MA1J)I-T0P MS. 

Tabus V 

Analysis of pH 5.6-6.7 two-dimensional PAGE gels 
Results aro from pooled samples for control (n = 3) and LPS-cxposed (n == 8) PMNa fi-om human donors. Expression of the reported proteins wns 
altered > 1.5-fold following liPS exposure in two repeat experiments. . 



Identincatton (spot no.] 


Bvriss-Prct 
no. 


Estimated 


Theoretical 
Afa/pl 


Peptides matched/ 
eubmitted 




Change 










% 


% 


•fvlti 


Up-regulated 
Transnldolase (475) 
Isodtrate dehydrogenase [431] 
Moesin [201] 
/E-Enolase (450] 


P37837 
075874 
P26()38 
P06733 


38/5.95 
46/6.25 
61/6.09 
43^.64 


37.5/6.36 
46.7/6.35 
67.8/6.07 
47.2/7.01 


13/17(76%) 
7/7(100%) 

11/13(65%) 
7/10(70%) 


33% 
13% 
17% 
17% 


2.5 
2.3 
2.1 
3.8 


Down-regulaied 
Colponin H2 [240) 


Q99439 


.34/6.65 


33.7/6.94 


10/11 (90%) 


27% 


0.5 



regulatory factor 3, a known regulator of interferon-stimulafced 
gene transcription » is not a direct target of p38 kinase.* Thnref- 
fore. gene expression analysis of LPS-sUmulated PMNs has 
uncovered a previously uncharacterizcd signal transduction 
system that is sensitive to inhibition of p38 MAPK. 

Knowledge of the genes down-regulated by I^PS permits the 



development of further hypotheses addressing PMN function in 
the face of infection. Strikingly, several down-regulated genes 
and gene products are structural in nature ie.g. paxillin, acti- 
nin, calponin H2) (Tables II and V). A known consequence to 
the PMN of LPS exposure is decreased motility (48). Uprre^- 
lation of -genes for adhesion molecules (JCAM-lt CD44^ AL- 
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ASOQAFELILSPR 



15 



27 




Tabib VI 

Effkct ofSB203580 on LPS-stimulated gene expression 
Oenes are reported for which the SB20358(VcQntrol expressioii ratio 
is 0.60. 



Gene name 


(SB203580/eaQitrol) 


of6B203560 






-fold 


ISG15 


0.09 


22.5 


HCR 


0.38 


20.8 


Mx-1 


0 


19.4 


mse 


0 


12.1 




0.67 


9.6 


EtS'2 


0.69 


7.4 


iL-6 


0.45 


6^ 




0.60 


6.2 


UMSl 


0.58 


6.1 


C3AR1 


0.49 


6.1 


INDO 


0.35 


5J2 


KIAA0205 


0.41 


6.1 


SNAP23 


0.58 


6.0 


SLPI 


0.58 


4.7 


EINAH2 


0.49 


4.6 


HM-74 


0,67 


3.8 


PKR 


0 


3.7 


MAO 


0.21 


3.6 


IFITi 


0.12 


3.6 


Glycerol kinase 


0 


8.6 


ms4 


0 


3.6 


IFISB 


0.39 


3.5 


IPF3S 


0.46 


3.0 




Fig. 2. A, the predicted setiuence of the tiyptic phosphopeptide in 
P04-citathmin (1468.72 Da). Hie peptide maas tneaaunKl by MALDI- 
TOF MS and the predicted mass differed by 14 ppm. As indimted, two 
alternate phosphorylation sites are possible: scrino 16 and serine 26. B, 
P04-atathxnin and stathmin were identified on the control and LPS- 
exposed pH 6.0-6.0 gds. ConsLstent with phosphoryiation, the PO4- 
stathmin spot was distinguished by a peptide of ina£» 1468.72 Da (i.c. 
80 Da greater than the peptide of 1388.72 Da seen in the stathmin spot). 
Assuming that no oUier multiply phosphorylated etathmiu spedes have 
escaped detection, analysis of the integrated intensities of the P04- 
stathmin and stathmui spots indicates Uiat the percentage of tlie PO4 
form of total cellular stathmin has increased from 1 1% to 38% with LPS 
stimulation. The decrease in integrated uitensity for stathmin was 
equal in amoimt to the increase in PO^-etathmin following LPS 
exposure. 

CAM, and TSG-6\ and down-regulation of genes for structural 
proteins, indicates a genetic basis for this observation. Down- 
reguktion of two genes implicated in cytoskeletal regulation, 
Pix-a and RhoB, was also observed. The calcium-binding pro- 
tein S100A4. down-regulated in LPS-treated PMNs (Table H), 
has been implicated in cell motUity and metastasis (49). £>e- 
creased motility may be beneficial in sustaining the inflamma- 
toiy response at sites of infection. In addition, LPS treatment 
results in an inhibition of apoptosis (50). Therefore, the longer 
residence time of the PMN at sites of infection is consistent 
with the long term genetically coded changes seen in these 
gcne-profiUng experiments and indicates that the changes in 
gene expression are fimctionally relevant to host defense and 
immunity. 

By providing information on post-translational modification, 
the proteomics data may pro\'ide further insights into the cy- 



Table vn 

Effect ofSB203S80 on LPSstimulated protein expression 



iVotein name 


-fold dhttnge rutio 
<SB2U36eo/baatnO 


Change in 
uhoeace of 
SB203S80 






'fold 


Up-regulated 






Proteasome 3 chain 


0.8 


1.61 


Annexin III 


0.6 


1,37 


Actin fragment (5441 


0.8 


1.74 


Actin fragment (591) 


0.8 


1.60 


a-Enolasc 


0.6 


1.65 


Rab^DP dissociation inhibitor 


1.1 


1.24 


Glutathione S-traosfcrase P 


1.2 


1.64 


Fre-B-cetl colony enhancing factor 


1.2 


1.29 


Down-regidated 






Adenylyl cydaae-associated protein 1 


1.3 


0.53 


Rho-GAPl 


0.6 


0.67 


Ficotin 1 


1.0 


0.74 



toskeletal remodeling effects of LPS upon tiie PMN. We con- 
tend that the actin fragments identified (Table IH) arc unlikely 
to represent technical artifacts. Rather, their specificity (iden- 
tical molecular wcight/pl among different experiments), statis- 
Cically significant up-i'egulation by LPS, ae well els the use of a 
lysis buffer containing cliaotropes and multiple protease inhib- 
itors argue instead that these fragments are physiologic con- 
sequences of LPS exposure in the hujoaan PMN. More spedCl- 
caUy, the up-regulation of these fragments following LPS 
exposure (T^le m) suggests that LPS may activate an actin- 
deaving enzyme, which, in turn, remodels the qytoskeleion. 
Intriguing in this vein, calpain has recently been reported to 
play an important role in cell migration and cytoskeletal orga- 
nization of fibroblasts (51). The possibilities that LPS may 
induce calpain activation and that calpain activation may reg- 
ulate cytoskeletal reorganization and motility ore currently 
under investigation. An alternative poseibiUty is that actin 
cleavage is a marker of neutrophil apoptosis (52). 

Other LPS-regulated proteins may play important roles in 
pytoskeletal reoiganization. The up-regulation of protein-ty- 
rosinc kinase 9-like (A6-related protein) may modulate LPS- 
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Table vm 

LPS-Ttgulated proteins for which a probe was present on the 
Affymetrix chip 

A oompariaon of carreeponding protein and mRNA transcript changes 
foUcwing LPS eKposure is s hown. 

I'c^..^. ... ^Aci^ur^ 



•fold 

Up-regulated 

Froteasomc p chain 1.5 1.9 1 

Levkoqjrte eLastase inhibitor 2.4 4.6 f 

Ral^GDI p 1.24 NC- 

Grancaldn New NC 

Transaidolase 2.5 KC 

Moesin 2.1 NC 

Nonmusde msrosin heavy chain NefW NC 

Glutathiono S-transferase P 1.54 Absent 

Pre-B cell enhancing factor 1.29 Absent 

leodtrate dehydrogenase 2.3 Absent 

PO^-stathmin 2.1 Absent (statbmin) 

Pmtftin phosphatase -1, p catalytic aubunit 2 Abcent* _ 

AnnexinDI • 3.1 3.1 i 

Down-regulated 

Adenylyl cydase-assodated protein 1 1.9 2.1 i 

RhD-GAPl 1.5 2.7 4 

Picolinl 1.4 1.7 i 

Adenosylhomocysteinose 2.5 Absent 

CalponinH2 2 NC 



" NCt no measureable change. 

induced actin polymerization, because it bears a high degree of 
homology to twinfUin (A6), an actin monomer-binding protein 
that localizes to sites of rapid filament assembly in cells and is 
believed to regulate actin filament turnover (53). In turn, LPS- 
induced down-regulation of Rho-GTPase activating protein 1 
(Table III) may regulate twinfilin (and protein-lyrosine kinase 
9-lifce) activity, because twinfilin Jias been shown to colocalize 
with Racl and Cdc42 and to be regulated by active Racl in NIH 
3T3 cells (63). Activation of Rho proteins may be facilitated by 
LPS up-regulation of moesin (Table V), because moesin report- 
edly induces the dissociation of Rho trom GDI (54). Racl may, 
in turn, promote activation of the actin filament-nucleating 
Arp2/3 complex tlirough interactions wiUi WASP (Wiskott-Al- 
drich syndrome protein) family proteins (65) and, interestingly, 
is postulated to regulate the dynamics of both the actin and 
microtubule eytoskeletons via phosphorylation of stethmin (Ta- 
ble IV) (56). Calponin H2 is an actin-binding protein not pre- 
viously reported in PMNs that is postulated to play ti role in 
cytoskeletel ©ionization (57). Ite down-regulation by LPS (Ta- 
ble V) likely modulates LPS-induoed (^ytoskeletal reorganiza- 
tion. The up-regulation of nonmusde myosin heavy chain and a 
putotive phosphorylated form of myosin heavy chain (putative 
protein kinase C substrate by prediction rules) in the LPS- 
exposed PMN (Table IV) is of uncertein significance; myosin 
has been implicated in multiple functions in the PMN, includ- 
ing locomotion, fluid pinocytosis, and phagoq^sis (68). Of 
interest, however, S100A4 (down-regulated, Table U) has been 
reported to regulate cytoskeletal dynamics by inhibiting pro- 
tein kinase C-mediated phosphorylation of nonmusde myosin 
heavy diain (59). 

LPS induction of stathmin phosphorylation (Table IV and 
Pig. 2) may reftt^esent another mechanism by which the cy- 
toskdeton is remodded. Stathmin is a phosphoprotein report- 
edly involved in both signal transduction and in regulation of 
the microtubulin filament network; furthermore, phosphoryla- 
tion of etethmin has been reported to modulate its tubulin- 
binding avidity (60). Inferences can be made about both the 
phosphoiylation site on PO^-stathmin and the responsible ki- 
nase induced by LPS. Four phosphorylation sites in stethmin 
have been well described: Ser^^ Se^»^ Ser=*«. andSer»® (32, 33): 



Ser^^ has been reported as a substrate for Ca^'^/calmodulin 
(CaM)-dependcnt kinases (32), and Ser^ as primarily a sub- 
strate for p38 and ERK (33), with p34**^ also active but beai^ 
ing a 5-fold preference for Ser^° <34). As steted above, the 
phosphbpcptide identified in PO^-stethmin, extending &Y>m 
residues 15 to 27 (1468.7 Da), is consistent with phosphoryla- 
tion of either Ser" or Ser^® (Fig. 2). Although both p38S and 
p38a MAPK boferms are expressed in the htmaan PMN, LPS 
has been shown to selectively activate the p38a isofonn in 
human PMNs (9). The p38a isoform, however, has been shown 
to be relatively inactive at Ser^; in fact, p386 is —100-fold more 
active at Ser^, and selective p3da inhibitors do not inhibit the 
stress-activated phosphorylation of stathmin in 293 cells (33). 
Fiurther support for the lack of in\t>hrement of p38 signaling in 
phosphoiylation of stathmin in our system is the apparent lad^ 
of effect of SB203560 (a selective p36ac and p380 inhibitor) on 
LPS-induced expression of PO^-stothmin (Table IV}. Because 
p34*^ is relatively inactive at Scr** (34), we condude that th« 
phosphorylation site is likely to be Ser^°, a reported substrate 
of CaM-dependent kinase. Although CaM kinases have previ- 
ously been implicated in gene activation in LPS-exposed my- 
elomonocytic HDll cells (iSl), stathmin signaling has not, to 
our knowledge, been previously reported in either PMNs or 
lipopolysaocharide signal transduction. 

Cytoskeletal reorganization, a well-described regulator of 
granule release (62), may underlie LPS-induced priming for 
PMN granule release, but several LPS-regulated proteins may 
provide more specific dues. LPS exposure led to increased 
levels of grancaldn, a calcium-binding protein previously de- 
tected in PMNs and shown to translocate to granules and 
plasma membrane in the presence of physiologic concentra- 
tions of calcium (63). Similarly, annexin HI, a calcium-binding 
protein highly expressed in PMN granule membranes and im- 
plicated in calcium-mediated secretion (64) and in granule fu- 
sion (65), was also found to be up-regulated. Exocytosis of 
granule oontente may also be facQiteted by LPS up-regulation 
of Rab-GDP dissodation inhibitor (Table III), which has been 
proposed to reqyde Rab after vesicle fusion by extracting it 
from the mcmbrtmc and loading it onto newly formed transport 
intermediates (66). 

Parallel use of DNA microarrays and proteomics afiTords a 
powerful strategy for comparison of corresponding mRNA tran- 
scripte and proteins, thereby affording new insight into the 
mechanisms by whidi the cell regulates ite signaling responses 
to the external environment. Of interest, a poor correlation was 
found between corresponding tronscripte and proteins (Table 
vm), as reported in other systems (17, 18). The finding in some 
cases of unchanged transcript abundance in the face of regu- 
lated protein levels indicates post-transcriptional modulation 
following LPS exposure. The finding of undetected trnnscripto 
in the face of regulated levels of the corresponding proteins 
may indicate previous transcription of these genes in an earlier 
stete of the myeloid maturation of the PMN, producing stable 
protein spedes that have undergone post-teanslational alter- 
ation following LPS exposure. Tbsi use of SB203580, a p38 
inhibitor, adds fiirther insighte into the mechanisms of LPS 
regulation. At the level of mRNA expression, SB203680 inhib- 
ited 23% of LPS-stimulated genes by &40% and 11% of genes 
by ^60%; therefore, p38 plays a spedfic role in gene regulation 
in the PMN. In particular, proteasome 0 chain was up-regu- 
lated at both the niRNA transcript and protein level (Table 
vm), with no notable effect of SB203580 oh expression at 
either level, consistent witti a non-p38-mediated pathway of 
primary transcriptional up-regulation induced by LPS. Simi- 
larly, ClAPl, Rho-GAPl, and ficolin 1 were down-regulated at 
both the mRNA transcript and protein level (Table VIII), with 
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no notable effect of SB203580, coneiBtent wiUi a non-p38-me- 
diatcd pathway of primaiy transcriptional down-regulation. 
Interestingly, annexin m was down-regulated at the transcript 
level and up-r^ulated at the protein level, with an inhibitoiy 
effect of SB203580 seen only at the protein level (Table VII), 
consistent with a p38- media ted post-transcriptional up-regula- 
tion induced by LPS. 

Limitations of tiie present study should be noted. Gene ex- 
pression analysis by cDNA microarrays does not distinguish 
between transcriptional regulation and mRNA stabilization; 
similarly, two-dimensional PAGE proteomics by itself does not 
distinguish among transcriptional, trimslationa^ or post-trans- 
lational regulation of protein abundance. Transcript detection 
by microarray technology is limited to the probes included; 
protein identification by two-dimensional PAGE proteomics is 
limited to well-resoK'cd regions of the gel, may perform less 
well with hydrophobic and high molecular weight proteins, and 
tends to select for more abundant protein species (30). Harvest- 
-ring of the LPS-incubated PMNs at 4 h saay have prevented 
detection of earlier, transient changes and may have thereby 
introduced drtifactual transcript-protein discordance. Further- 
more, the post^LPS incubation, pre-two-dimensional PAGE cell 
washes would be expected to remove secreted proteins from 
further analysis, with uncertain effects on detected protein 
abundance depending on such factors as the degree ofde novo 
synthesis and extent of degranulation/exocytosis. Because pro- 
tein binding of Coomassie Blue has a limited dynamic range 
and is typically not linear throughout the range of detection, 
image analysis of Coomassie Blue-stained protein spots should 
be considenid semi-quantitative. For some protein spots, the 
apparent magnitude of regulation by LPS may have been 
blunted by the spot approaching staining saturation in the 
control geL By limiting our analysis to those protein spots 
common to all twelve pH 3.0-10.0 two-dimensional gels, we 
likely excluded some LPS-regfulated protein^ that happened to 
be either poorly resolved on a subset of the gels or unmatched 
by the image analysis software. By further limiting the analy- 
sis to those matched ^pots on the pH 3.0-10.0 gels for which a 
two-tailed t test demonstrated. p < 0.05, the list of regulated 
proteins was likely also limited by statistical power. In addition 
to those regulated proteins listed in Table EI, three others were 
up-regulated and three down-regulated with p < 0.09 (data not 
shown). 

Limiting our reported results to those changes that met 
statistical significance among the donors carries further impor- 
tant implications. We have encoimtered a two order of magni- 
tude range of response in unselected donor LPS-induced PMN 
functions, such as TNF-a and superoxide anion release (data 
not shown). The sources of this physiologic heterogeneity re- 
main uncertain but may possibly include such factors as nat- 
ural mutations of tlie LPS receptor component, TLR4 (67). By 
selecting for LPS effects common to all donors, we may not have 
characterized the range of genomic and proteomic heterogene- 
ity present in the population and thereby may have focused on 
only , a narrow portion of a broader biological response to LPS. 
We contend that this reductionist approach is valid because it 
would be expected to enrich for biologically integral responses 
of the PMN to LPS. Nevertlieless, correlation of genomic and 
proteomic profiles with functional phenotypes of the PMN may 
bear important diagnostic and therapeutic implications and 
will be pursued in future studies. 

Widespread regulation of numerous noncytokine^chemokine 
genes and proteins in the LPS-stimulated human PMN is a 
novel finding. These data indicate that, despite a narrow scope 
of gene expression in the nonstimulated state, the terminally 
differentiated, short-lived PMN likely p\ayQ a role in the innate 



immune response that is far more sophisticated and dynamic 
than the simple release of preformed inflammatory mediators. 
Although gene expression appears to be an important mecha- 
nism by which PMNs respond acutely to infection, mRNA tran- 
script/protein concordance is limited, and post-transcriptional 
(and post-translatbnal) modifications also play an important 
role. THeldtefati^ of multiple t^ Gr 
protein regulators, P04-stathmin, and protein phosphatase 1 
indicates that one of the responses to Lf^ exposure is to modil^ 
subsequent signaling events by bacterial components or by 
other cytokines and diemokines. Finally, the finding that p3d 
MAFK mediates LPS regulation of a limited subset of tran- 
scripts and proteins underluxes the continuing need to define 
signal transduction cascades in the neutrophil. 
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Discordant Protein and mRNA Expression in 
Lung Adenocarcinomas^ 

Guoan Chen^:, Tarek G. Gharibt, Chiang-Ching Huang§, Jeremy M. G. Taylor§, 
David E. MisekH, Sharon L. R. Karclia||, Thomas J. Giordano**, Mark D. lannettoni^:, 
Mark B. Orringert:, Samir M. Hanashl], and David G. Beert 



The relationship between gene expression measured at 
the mRNA level and the corresponding protein level Is not 
well characterized In huhnan cancer. In this study, we 
compared mRNA and protein expression for a cohort of 
genes In the same lung adenocarcinomas. The abun- 
dance of 165 protein spots representing 98 Individual 
genes was analyzed in 76 lung adenocarcinomas and nine 
non-neoplastic lung tissues using two-dimensional poly- 
acrylamlde gel electrophoresis. Specific polypeptides 
were Identified using matrix-assisted laser desorption/ 
ionization mass spectrometry. For the same 85 samples, 
mRNA levels were determined using oligonucleotide ml- 
croarrays, allowing a comparative analysis of mRNA and 
protein expression among the 165 protein spots. Twenty- 
eight of the 165 protein spots (17%) or 21 of 98 genes 
(21 .4%) had a statistically significant correlation between 
protein and mRNA expression (r > 0.2445; p < 0.05}^ 
however, among all 165 proteins the correlation coeffi- 
cient values (/) ranged from -0.467 to 0.442. Correlation 
coefficient values were not related to protein abundance. 
Further, no significant correlation between mRNA and 
protein expression was found (r = -0.025) if the average 
levels of mRNA or protein among all samples were applied 
across the 165 protein spots (98 genes). The mRNA/ 
protein correlation coefficient also varied among pro- 
teins with multiple isoforms, Indicating potentially sep- 
arate Isoform-speclfic mechanisms for the regulation of 
protein abundance. Among the 21 genes with a signifi- 
cant correlation between mRNA and protein, five genes 
differed significantly between stage I and stage III lung 
adenocarcinomas. Using a quantitative analysis of mRNA 
and. protein expression within the same lung adenocarci- 
nomas, we showed that only a subset of the proteins 
exhIbKed a significant correlation with mRNA abundance. 
Molecular & Cellular Proteomlcs 1:304-313, 200Z 



Lung cancer is the leading cause of cancer death for both 
men and women in the United States. Adenocarcinomas of 
the lung comprise - 40% of all new cases of non-small cell 



Fram the Departments of ^Surgery, §Biostati5tics, |jEpidemiology, 
**Pathology, and tiPediatrics, University of Michigan, Ann Arbor, 
(\^ichigan 48109 

Received, January 21, 2002, and in revised form, March 4, 2002 
Published, MCP Papers in Press, March 12. 2001, DOI 
10.1074/mcp.M200008-MCP200 



lung cancer and are now the most common histologic type. 
Functional genomics, broadly defiried as the comprehensive 
analysis of genes and their products, have become a recent 
focus of the life sciences (1 ). Application of these approaches to 
lung adenocarcinomas has the potential to aid in the identifica- 
tion of high risk patients with resectable eariy stage iung cancer 
that may benefit from adjuvant therapy, as well as to identify 
new therapeutic targets. In human lung cancer, however, little is 
currently understood regarding the relationship between gene 
expression as detemiined by measuring mRNA levels and the 
corresponding abundance of the protein products. 

A number of powerful techniques for analysis of gene ex- 
pression have been used including differential display (2), 
serial analysis of gene expression (3). DNA microan-ays (4), 
and proteomlcs via tv^o-dimensional polyacrylamide gel elec- 
trophoresis and mass spectrometry (5). Bioinformatics tools 
have also been developed to help detemnine quantitative 
mRNA/protein expression profiles of all types of c^lls and 
tissues (6) and now can be applied to benign and malignant 
tumors. DNA microarrays (cDNA and oligonucleotide) permit 
the parallel assessment of thousands of genes and have been 
utilized In gene expression monitoring (7), polymorphism anal- 
ysis (8), and DNA sequencing (9). Recent studies have fo- 
cused on classification or identification of subgroups of lung 
tumors using DNA microarrays (10, 11). The use of mRNA 
expression pattems by themselves, however, is insufficient for 
understanding the expression of protein products, as addi- 
tional post-transcriptional mechanisms, including protein 
translation, post-translational modification, and degradation, 
may influence the level of a protein present in a given cell or 
tissue. Proteomic analyses, a complementary technology to 
DNA microarrays for monitoring gene expression, involves 
protein separation and quantitative assessment of protein 
spots using 2D^-PAGE and protein identification using mass 
spectrometry. By combining proteomic and transcriptional 
analyses of the same samples, however, it may be possible to 
understand the complex mechanisms influencing protein ex- 
pression in human cancer. 

In this study, we detemiined mRNA and protein levels for 
165 proteins (98 genes) in 76 lung adenocarcinomas and nine 



^ The abbreviations used are: 2D. two-dimensiona!; MALDl-MS, 
matrix-assisted laser desorption/ionization mass spectrometry. 
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Protein and mRNA Correlation in Lung Adenocarcinomas 



Table I 

Correlation coeffidents of protein and mRNA where only one spot was present on 20 gels 
f*, correlation coefficient value > 0.2445; p < 0.05. Values in boldface are significant at p < 0.05. 



Spot Unigene Gene name r* Protein name 



1104 


Hs.184510 


SFN 


0>(337 


14-3-3 0- 


0994 


Hs.77840 


ANXA4 




Annexln IV 


1314 


Hs.10958 


DJ-1 


0.3982 


DJ-1 proteln/MER5 


1454 


Hs.75428 


S0D1 


0.3663 


Superoxide dismutase (Cu-Zn) 


1638 


Hs.227751 


LGALS1 


0.3318 


Galectin 1 


0264 


Hs. 129548 


HNRPK 


0.3034 


Transformation up-regulated nuclear protein 


1405 


Hs.111334 


FTL 


0.2849 


Ferrttin light chain 


0963 


Hs.300711 


ANXA5 


0.2468 


Annexln V 


1252 


Hs.4745 


PSMC 


0.2445 


26 S proteasome p28 


0908 


Hs.234489 


LDHB 


0.4420 


L-lactate dehydrogenase H chain (LDH-B) 


1171 


Hs.241515 


C0X11 


0.2310 


COX 11 


1160 


Hs.181013 


PGAM1 


0.2023 


Phosphoglycerate mutase 


0759 


Hs.74635 


DLD 


0.1965 


DihydroHpoamide dehydrogenase precursor 


1193 


HS.B3383 


AOE372 


0.1932 


Antioxidant enzyme AOE372 


0172 


Hs.3069 


HSPA9B 


0.1872 


GRP75 


0777 


Hs.979 


PDHB 


0.1855 


Pyruvate dehydrogenase E 1 -p subunit precursor 


1249 


Hs,226795 


GSTP1 


0.1773 


Glutathione S-transferase pi (GST-pO 


1685 


Hs.76136 


TXN 


0.1732 


Thioredoxin 


1205 


Hs.62314 


HPRT1 


0.1588 


HG phosphoribosyttransferase 


1230 


Hs.279860 


TPT1 


0.1466 


Translationally controlled tumor protein (TCTP) 


0603 


HS.1B1357 


LAMR1 


0.1463 


LAMR 


135S 


Hs.26914 


APRT 


0.1399 


Adenine phosphoribosyl transferase 


1410 


Hs,82113 


OUT 


0.1213 


dUTP pyrophosphatase (dUTPase) 


1825 


Hs,1 12378 


LIMS1 


0.1213 


Pinch-2 protein 


0871 


HS.2S0502 


CAB 


0.1122 


Carbonic anhydrase-related protein; Syntaxin 


0289 


H$.82916 


CCT6A 


0.1106 


Chaperonin-lilce protein 


1143 


Hs.11465 


GSTTI452B 


0,0997 


Glutathione S-transferase homolog (GST homolog) 


1456 


Hs.118638 


NME1 


0,0932 


Nm23 (NDPKA) 


1598 


Hs.27e503 


RIG 


0,0905 


RUG (U32331) 


1354 


Hs.89761 


ATP5D 


0.0904 


FIFO-type ATP synthase subunit d 


1445 


Hs.155485 


• HIP2 


0.0843 


Huntingtin Interacting protein 2 (HIP2) 


1479 


Hs.1 77486 


APP 


0,0746 


Amyloid B4A 


0608 


Hs. 182265 


KRT19 


0.0439 


Cytol<eratin 19 


1071 


Hs. 10842 


RAN 


0.0277 


GTP-blnding nuclear protein RANfrC4) 


0991 


Hs.297939 


CTSB 


0,0254 


Cathepsin B 


0842 


Hs.77274 


PLAU 


0.0248 


Urokinase plasminogen activator 


0823 


Hs. 198248 


B4GALT1 


0.0183 


/3 1 .4-gaiactosyl transferase 


0613 


Hs.1247 


AP0A4 


0.0176 


ApoHpoproteln A4 {ApoA4) 


1338 


Hs.104143 


CLTA 


0.0123 


Clathrin light chain A 


0902 


Hs.5123 


SID6-306 


0.0117 


Cytosolic Inorganic pyrophosphatase 


1688 


Hs.1473 


GRP 


-0.0040 


Preprogastrtn-releasing peptide 


0265 


Hs.274402 


HSPA1B 


-0.0071 


Heat shock-induced protein 


1414 


Hs.77541 


ARF5 


-0.0096 


ADP-ribosylatlon factor 1 


n7in 
u r lU 


Lit* Q7onct 


rUnl 


—0.0114 


Huntingtin Interacting protein 1 (HIP1) 


0532 


Hs.1 70328 


MSN 


-0.0132 


Moesin/E 


0525 


Hs.284255 


ALPP 


-0,0148 


Alkaline phosphate, placental 


0513 


Hs.76901 


PDIR 


-0.0289 


Protein disulfide isomerase-reiated protein 5 


1659 


Hs.255697 


HINT 


-0.0312 


Protein kinase C inhibitor 


1262 


Hs.7016 


RAB7 


-0,0362 


Rab 7 protein 


0190 


Hs.184411 


^ ALB 


-0.0470 


Albumin 


0948 


Hs.2795 


LDHA 


-0.0549 


Lactate dehydrogenase-A (LDHA) 


0502 


Hs,180532 


GPI 


-0,0575 


Hsp89 


0152 


Hs.75410 


HSPA5 


-0.0640 


GRP78 


1054 


Hs,74276 


CLIC1 


-0.0686 


Nuclear chloride channel (RNCC protein) 


0709 


Hs.253495 


SFTPD 


-0.0936 


Pulmonary surfactant protein D 


0867 


H5.78396 


PCNA 


-0.0982 


PCNA 


0165 


Hs.180414 


HSPA8 


-0.1014 


Heat shock cognate protein, 71 l<Da 


1109 


Hs.75103 


YWHAZ 


-0.1018 


14-3-3 i/A 


0137 


Hs.554 


SSA2 


-0.1032 


Ro/ss-A antigen 



Molecular & Cellular Ptoteomics 1A 305 



Protein and mRNA Correlation in Lung Adenocarcinomas 



Table I — continued 



Spot 



Unigene 



Gene name 



Protein name 



027B 
1769 
0089 
2511 
1739 
1138 
2533 



Hs,4112 

Hs.9614 

Hs.74335 

Hs.153179 

Hs. 16488 

Hs.301961 

Hs.77060 



TOPI 

NPM1 

HSPCB 

FABP5 

CALR 

GSTM4 

PSMB6 



-0.1237 T-compIex protein I, a subunit 

-0.1738 B23/numatrin 

-0.2049 Hsp90 

-0.2109 E-FABP/FABP5 

-0.2344 Calreticulin 32 

-0.2438 Glutathione S-transferase M4 (GST m4) 

-0,2512 Macropain subunit A 



non-neoplastic lung tissues. Protein levels were determined 
using quantitative 2D-PAGE analysis, and the separated pro- 
tein polypeptides were identified using matrix-assisted laser 
desorption/ionizatlon mass spectrometry (MALDI-MS). The 
con-esponding mRNA levels for the identified proteins within 
the same samples were determined using oligonucleotide 
microarrays. Con-elation analyses showed that protein abun- 
dance is likely a reflection of the transcription for a subset of 
proteins, but translation and post-translational modifications 
also appear to Influence the expression levels of many indi- 
vidual proteins In lung adenocarcinomas. 

EXPERiMEI^rAL PROCEDURES 

77sst/es- Fifty-seven stage I and 19 stage III lung adenocarcino- 
mas, as well as nine non-neoplastic lung tissue samples, were used 
for protein and mRNA analyses. Patient consent was obtained, and 
the project v/as approved by the Institutional Review Board. Ail tis- 
sues were obtained atter resection at the University of Michigan 
Health System between May 1991 and July 1998. Tissues were all 
snap-frozen in liquid nitrogen and then stored at -80 *C. The patients 
included 46 females and 30 males ranging in age from 40.9 to 84.6 
(average 63.8) years. Most patients (66/76) demonstrated a positive 
smoking history. Sixty-one tumor samples were classified as bron- 
chial-derived, 14 were classified as bronchoalveolar, and one had 
t>oth features. Eighteen tumor samples were classified as well differ- 
entiated, 38 were classified as moderate, and 19 were classified as 
poorly differentiated adenocarcinomas. Hematoxylin -stained cryostat 
sections (5 ^w), prepared from the same tumor pieces to be utilized 
for protein and mRNA isolation, were evaluated by a pathologist and 
compared with hematoxylin- and eosin-stained sections made from 
paraffin blocks of the same tumors. Specimens wore excluded from 
analysis if they showed unclear or mixed histology (e.g. adenosqua- 
mous). tumor cetlutarity less than 70%, potential metastatic origin as 
indicated Ijy previous tumor history , extensive lymphocytic infiltration, 
or fibrosis or if the patient had received prior chemotherapy or 
radiotherapy. 

Ofigonucfeotide Array Hybridization -Jbe HuGeneFL oligonucleo- 
tide arrays (Affymetrix, Santa Clara, OA) containing 6800 genes were 
used In this study. Total RNA was isolated from all samples using 
Trizol reagent (invitrogen). Tlie resulting RNA was then subjected to 
further purification using RNeasy spin columns (Qiagen). Preparation 
of cRNA, hybridization, and scanning of the HuGeneFL arrays were 
perfomied according to the manufacturer's protocol (Aftymetrix, 
Santa Qara, OA). Data analysis was performed using GeneChip 4.0 
software. The gene expression profile of each tumor was normalized 
to the median gene expression profile for the entire sample. Details of 
data trimming and normalization are described elsewhere (11). 

2D'PAGE and Quantitative Protein Ana/ys/s-Tlssue for both pro- 
tein and mRNA isolation came from contiguous areas of each sample. 
Protein separation using 2D-PAGE, silver staining, and digitization 



were perfonned as described previously (12, 13). Our 2D-PAGE sys- 
tem allows us to run 20 gels at one time {one batch). Spot detection 
and quantification were accomplished utilizing Bio Image Visage Sys- 
tem software (Bioimage Corp.. Ann Arbor, Ml). The integrated Inten- 
sity of each spot was calculated as the measured optical density 
units X mm^. Of the total possible 2000 spots detectable on each gel. 
820 spots on the gel of each sample were matched using a Gel-ed 
match program with the same spots on a chosen "master" gel. In 
each sample, 250 ubiqUtously expressed reference spots were used 
to adjust for variations between gels, such as that created by subtle 
differences In protein loading or gel staining. Slight differences be- 
cause of batch were corrected after spot-size quantification. 

Mass Spectrometry and 2D Western e/ottfngf- Preparative 2D gels 
were run using extracts from A549 lung adenocarcinoma cells (ob- 
tained from ATCC) and using the identical experimental conditions as 
the analytical 20 gels, except 30% more protein was loaded. The 
resolved protein gels were silver-stained using successive incuba- 
tions in 0.02% sodium thiosulfate for 2 mln, 0. 1 % silver nitrate for 40 
min, and 0.014% formaldehyde plus 2% sodium cartwnate for 10 
min. For protein identification, protein polypeptides undenvent trypsin 
digestion followed by MALDI-MS using a MALDI-TOF Voyager-DE 
mass spectrometer (Perseptive Biosystems. Framingham, MA). The 
masses were compared with known trypsin digest databases using 
the MS-FIT database (University of California, San Francisco; 
prospector,ucsf.edu/ucsfhtml3.2/msfrt.htm). Some of the polypep- 
tides included In the analysis had been Identified prior to this study on 
the basis of sequencing (14). Tlie identified protein spots used in this 
paper are shown in Fig. 1A. The method for 2D-PAQE Western tAoi 
verification was as described previously (15). The 2D Western blots of 
GRP58 and Op18 are shown in Fig. 1, C and 5; the others, such as 
GRP78. GRP75, HSP70. HSC70, KRT8, KRT18, KRT19. Vimentin. 
ApoJ, 14-3-3, Annexin I, Annexin II, PGP9.5. DJ-1, GST-pi. and 
PGAM, are described elsewt>ere.^ 

Statisticaf Ana/)/s/s- Missing values were replaced with the mean 
value of the protein spot. The transform x -* log (1 + k) was applied 
to normalize all protein expression values. The relationsNp between 
protein and mRNA expression levels vwthin the same samples was 
examined using the Spearman con-elation coefficient analysis (16). To 
identify potentially significant correlations between gene ai>d protein 
expression, we used an analytical strategy similar to SAM (signifi- 
cance analysis of microan^ays) (17). v^ich uses a permutation tech- 
nique to determine the significance of changes In gene expression 
between different biological states. To obtain permuted con-elation 
coefficients between gene and protein expression, genes were ex- 
changed first In such a way that pennutated correlation coefficient 
were calculated based on pseudo pairs of genes and proteins. The 
distribution of permutated con-elation coefficients became stable after 
60 permutations. This procedure was then repeated 60 times to 
obtain 60 sets of pemnulated correlation coefficients. For each of the 
60 penrtutations, the correlations of genes and proteins were ranked 



^ Chert ei at. , submitted for publication. 
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f. correlation 



Table II 

Cormlation coefffcients of protein and mRNA whom multiple isofdmis wem present on 2D gals 
coefficient value > 0.2445; p < 0.05. Values in boldface are significant at p < 0.05. 



Spot 




Gene name 


r* 


1494 


HS.B1915 


LAP18 


0.4003 


0957 


Hs.77899 


TPM1 


0.3930 


0353 


Hs.289101 


iGRP58 


0.3802 


0855 


Hs.169476 


GAPD 


0.3693 


1198 


Hs.41707 


HSPB3 


0.3668 


1203 


HS.83B48 


TPI1 


0.3395 


0523 


Hs.65114 


KRT18 


0.3335 


1492 


HS.B1915 


LAP18 


0.3234 


1493 


Hs.81915 


LAP18 . 


0.3154 


11B1 


Hs.78225 


ANXA1 


0,3102 


0439 


Hs.242463 


KRTB 


0.3049 


0505 


Hs.297753 


VIM 


0.2939 


0593 


Hs.297753 


VIM 


0.2809 


1874 


Hs.75313 


AKR1B1 


0.2780 


0935 


Hs.75544 


YWHAH 


0.2775 


2524 


Hs.78225 


ANXA1 


0.261 2 


2324 


Hs.65114 


KRT18 


0.2601 


1192 


Hs.41707 


HSPB3 


0,2558 


0350 


Hs.289101 


GRP56 


0.251 6 


0992 


Hs.75313 


AKR1Q1 


—0.2460 


0861 


Hs.75313 


AKR1B1 


0.0761 


0853 


HS.7S313 


AKR1B1 


—0.0675 


2503 


Hs.76392 


ALDH1 




0381 


Hs76392 


ALDH1 


•"0.0371 


0371 


Hs.76392 


ALDH1 


— n fiRRn 


1179 


Hs.76225 


ANXA1 




0762 


Hs.78225 


ANXAl 


—0.0739 


0760 


Hs.78225 


ANXA1 


—0.0228 


2506 


Hs.217493 


ANXA2 




0772 


Hs.217493 


ANXA2 


0.2080 


0723 


Hs.217493 


ANXA2 


0.0701 


1239 


Hs.93ig4 


AP0A1 


0.1 133 


1237 


Hs.93194 


AP0A1 


-0.0373 


1234 


Hs.93194 


AP0A1 


-0.0894 


0428 


Hs.25 


ATP5B 


0 0080 


0427 


Hs.25 


ATP5B 


0.0122 


0424 


Hs.25 


ATP5B 


-0.0992 


0863 


' Hs.75106 


CLU 


-0.0483 


0780 


HS.7S106 


CLU 


—0.0443 


1527 


Hs.119140 


EtF5A 


-0.0726 


1484 


Hs.119140 


EIF5A 


-0.0376 


1728 


Hs.5241 


FABP1 


—0.1916 


1712 


Hs.5241 


FABP1 


— n n47i 


0947 


Hs.169476 


GAPD 


0.1 745 


1232 


Hs.75207 


GL01 


0.2249 


1229 


Hs.75207 


GL01 


0.0450 


1595 


Hs. 158300 


HAP1 


"0.0137 


1810 


Hs.75990 


HP 


-0.4672 


1459 


Hs.75990 


HP 


0.0802 


1458 


Hs.75990 


HP 


"0.0305 


0619 


Hs.75990 


HP 


0.0461 


0615 


Hs.75990 


HP 


-0.0034 


1250 


Hs.41707 


HSPB3 


-0.1024 


0549 


Hs.79037 


HSPD1 


0.1074 


0338 


Hs.79037 


HSPD1 


0.2265 


0333 


Hs.79037 


HSPD1 


0.1383 


0331 


Hs.79037 


HSPD1 


0.1603 


2381 


Hs.65114 


KRT18 


0.2016 


0535 


Hs.65114 


KRT18 


. 0.1106 



Protein name 



0P18(Stathmln) 
Tropomyosins 1-5 

Protease disulfide isomerase (GRP58) 
Glyceraldshyde-3-phosphat6 dehydrogenase 
Hsp27 

Those phosphate isomerase (TPI) 

Cytokeratin 18 

0P18(Stiathmin) 

0P18(Stathmin) 

Annexin variant I 

Cytokeratin 8 

Vimentin 

Vimentin 

Aldose reductase 
14-3-3 1) 
Annexin I 
Cytokeratin 18 
Hsp27 

Phospholipase C (GRP58) 
Aldose reductase 
Aldose reductase 
Aldose reductase 
Aldehyde dehydrogenase 
Aldehyde dehydrogenase 
Aldehyde dehydrogenase 
Annexin variant I 
Annexin I 
Annexin I 

Upocotin (annexin II) 
Lipocotin (annexin 11) 
Upocotin 

Apofipoprotein A1 (ApoAl) 

Apolipoprotein A1 (ApoA1) 

Apolipoprotein A1 (ApoAl) 

ATP synthase fi subunft precursor 

ATP synthase fi subunrt precursor 

ATP synthase p subunit precursor 

Apolipoprotein J (ApoJ) 

Apolipoprotein J (ApoJ) 

eIF-5A 

elF-5A 

L-FABP 

L-FABP 

Glyceraldohyde-3-phosphate dehydrogenase 

Glyoxalase-I 

GlyoxalasB-1 

Huntingtin-associated protein 1 (nsuroan 1) 

flt-Haptoglobin 

a-Haptoglobin 

a-Haptoglobin 

B-haptoglobin 

B-haptoglobin 

Hsp27 

Hsp60 

Hsp60 

Msp60 

Hsp60 

Cytokeratin 18 
Cytokeratin 18 
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Table \\~continued 

Correlation coefTiaents of protein and mRNA where multiple isofbrms were present on 2D gels 
coefficient value > 0.2445; p < 0.05. Values In boldface are significant at p < 0.05. 



Spot 


Unigene 


Gene name 


r* 


0529 


Hs.65114 


KRT18 


0,1279 


0528 


Hs.65114 


KRTIft 
r\n I 1 o 


0.0414 


0527 


Hs.65114 


KRT18 


0.0436 


0514 


Hs.65114 


KRT18 


U.u r 3o 


0451 


Hs.242463 


KRT8 


— U.Ui 1 1 


0446 


Hs.242463 


KRT8 


1J.U347 


0444 


Hs.242463 


KRTfl 


—0.1311 


0443 


Hs.242463 


KHTfi 


0,0942 


1488 


HS.B1915 


1 AP1R 


0.0495 


0321 


Hs 75655 


r*rnD 


"0.0546 


0320 


Hs 75655 


n4nD 


-0,0041 


1063 


Hs 


r'no 


0.0441 


0837 


1 lO. ( \Jt><10 


rrlD 


0.1402 


0326 


Hs 2976B1 


otnrllMAl 


"0,0227 


0322 


nsi,£t} r DO 1 


bcRPINAI 


-0.0277 


0241 




ScHPINAl 


-0.0148 


1280 




or 1 PAl 


-0.1488 


1278 


nS.OU ! tD4 


SFTPA1 


-0.2040 


0866 


ns. f oiiau 


TNNT1 


0.1162 


0778 


riS. roc70U 


TNNT1 


0.0740 


1 91 1 
1 c 1 o 


r1S.t3oo4o 


TPI1 


0.0024 


1 oin 

1 c 1 u 


r1S.Doo4o 


TP11 


0.0490 


I9n7 


nS.t5o04o 


TPI1 


-0,1615 




ns>D3o4B 


TPil 


0.0209 


1202 


Hs 6384R 


1 ril 


0.0721 


1161 


H5.83848 


TPI1 


0,2265 


1052 


Hs.77899 


TPMI 


-0.1040 


1039 


Hs, 77899 


TPM1 


-0.2999 


1035 


HS77899 


TPMI 


-0.3821 


0763 


Hs.77899 


TPMI 


0.0757 


1574 


Hs.194366 


TTR 


-0.0065 


0809 


Hs,1 94366 


TTR 


0.0399 


2202 


HsJ6118 


UCHL1 


-0.0220 


1246 


Hs.76118 


UCHL1 


-0,1261 


1242 


Hs.76118 


UCHL1 


0.1473 


0606 


Hs.297753 


VIM 


0.0951 


0594 


Hs,297753 


VIM 


"0.2664 


0508 


Hs.297753 


VIM 


0.1008 


0419 


Hs.297753 


VIM 


0.0032 


1279 


Hs.75544 


YWHAH 


0.0059 



Protein name 



Cytokeratlh 18 
Cytokeratin IB 
Cytokeratin 18 
Cytokeratin 18 
Cytokeratin 6 
Cytokeratin 8 
Cytokeratin 8 
Cytokeratin 6 
0P18 (Stathmin) 
PDI (proly-4-OH-B) 
PDI (proly-4-OH-B) 
Prohfbitin 
Prohibitln 
a-1-Antitripsin 
a-1-Antitripsln 
rt-1-Antitripsin 

Pulmonary surfactant-associated protein 
Pulmonary surfactant-associated protein 
Troponin T 
Troponin T 

Trfose phosphate isomerase (TP!) 
Triose phosphate isomerase (TPI) 
Triose phosphate isomerase (TPI) 
Triose phosphate Isomerase (TPI) 
Triose phosphate isomerase (TPQ 
Triose phosphate isomerase (TPI) 
Trapomysin clean-product 
Cytoskelotal tropomyosin 
Tropomyosin 
Tropomyosins 1-5 
Transthyretin 
Transthyretin multimere 

Ubiquitin carboxyl-temilnal hydrolase isozyme L1 
Ubiquitin carboxyl-temninal hydrolase isozyme LI 
Ubiquitin carboxyl-temiinal hydrolase isozyme L1 
Vimentin 

Vimentin-derived protein {vid4) 
Vimentln-derJved protein (vld2) 
Vimentin-derived protein (vidl) 
14-3-3 Tj 



such that pp(f> denotes the rth largest correlation coefficient for pth 
pennutation. Hence, the expected correlation coefficient, pjfl was the 
average over the 60 pemnutations. p^ii) = , p^(iy60. A scatter plot of 
observed comelattons W)) versus the expected correlations is shown In 
F»g. 2D. For this study, we chose threshold A 0, 1 1 5 so that correlation 
would be considered significant if atxsolute value of difference between 
pW af>d was greater than the threshold. Twenty-nine (including one 
with observed correlation coefficient -0.4672) of 1 65 pairs of gene and 
protein expression were called signifkiant in such criteria, and the 
pemiuted data generated an average of 5.1 falsely significant pairs of 
gene and protein expression. This provided an estimated false dis- 
covery rate (the percentage of pairs of gene and protein expression 
identified by chance> for our data set. 

RESULTS 

Correlation of Individual Proteins and mRNA Expression 
within Each Tumor- We have examined quantitatively 165 



protein spots on 2D gels representing 98 genes and com- 
pared protein levels with mRNA levels for a cohort of 85 lung 
adenocardnomas and nomial lung samples. Of the 165 pro- 
tein spots. 69 proteins were represented by only one known 
spot on 2D gels for an Individual gene, whereas 96 protein 
spots showed multiple protein products from 29 different 
genes. 2D Western blotting verified the proteins Identified by 
mass spectrometry when specific antibodies were available. 
Spearman con-elation coefficients of the proteins and their 
associated mRNA for each protein spot were generated using 
all 76 lung adenocarcinomas and nine non-neoplastic lung 
tissues (see Tables I and II, and see Rgs. 1 and 2). The 
correlation coefficients (r) ranged from -0.467 to 0.442 (Rg. 
2D). A total of 28 protein spots (21 genes) were found to have 
a statistically significant correlation between expression of 
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F.G. . A, digital inriage of a sKver-stained 2D-PAGE separation of a stage I lung adenocarcinoma showing protein spots separated bv 
molecul^ mass {MW) and isoelectric point (P/). Twenty-eight protein spots whose expression levels are correlatXth m^ ab^TrLe ^e 
indicated by the arrows. B, the outiined areas of A showing protein GRP58. C. 2D Western blot of GRP58 from C^4^^^^ 
adenocaicinon^a cefl line. D, the outlined areas of A showing the protein isoforms of Opt 8. 2D Western blot of SlS^m S^^J^^i^ 



their protein and mRNA (r > 0.2445; p < 0.05). This accounts 
for 17% (28/165) of the 165 protein spots. Among the 69 
genss for which only a single protein spot was known (Table 
I), nine genes (9/69, 13%) were observed to show a statisti- 
cally significant relationship between protein and mRNA 
abundance (r > 0.2445; p < 0.05). The proteins whose ex- 
pression levels were correlated with their mRNA abundance 
included those involved in signal transduction, carbohydrate 
metabolism, apoptosis, protein post-translational modifica- 
tion, structural proteins, and heat shock proteins (Table III). 

Individual Isoforms of tha Same Protein Have Different 
Protein/mRNA Correlation Coefficlents-Oi the 165 protein 
spots, 96 represent protein products of 29 genes with at least 
two Isofomis. Among these 96 protein spots, 19 (19/96 pro- 
tein spots. 20%) showed a statistically significant correlation 
between their protein and mRNA expression (f > 0.2445; p < 
0.05) (Table II) and represented 12 genes (12/29, 41%). Individ- 
ual isoforms of the same protein demonstrated different 
protdn/mRNA correlation coefficients. For example, 2D-PAGE/ 
Western analysis revealed four isofomns of 0P18 differing h 
regards to isoelectric point but similar in molecular weight. 
Three of the four isofomis (spots 1492, 1493, and 1494) showed 
a statistically significant correlation between their protein and 
mRNA abundance (r = 0.3234, 0.3154, and 0.4003. respective- 
ly). The forth isoform (spot 1488) showed no congelation be- 



tween protein and mRNA expression (r = 0.0495). Similarly, just 
one of five quantified isofomns of cytokeratin 8 (spot 439) dem- 
onstrated a statistically significant correlatfon between protein 
and mRNA abundance (r = 0.3049; p < 0.05) (Table II). 

In addition to differences In the relationship between mRNA 
levels and protein expression among separate isoforms, some 
genes with very comparable mRNA levels showed a 24-foId 
difference in their protein expression. Genes with comparable 
protein expression levels also showed up to a 28-fold vari- 
ance in their mRNA levels. 

Lac/f of Correlation for mRNA and Protein Expression wfien 
Using Average Tumor Values across All 165 Protein Spots (98 
Genes;-The relationship between mRNA and protein expres- 
sion was also examined by using the average expression 
values for all samples. To analyze this relationship using this 
approach, the average value for each protein or mRNA was 
generated using all 85 lung tissue samples. The range of 
nomnalized average protein values ranged from -0.0646 to 
0.0979 (raw value 0.0036 to 4.1947), and the range for mRNA 
was from 0 to 15260.5 for all 165 individual protein spots. The 
Spearman correlation coefficient for the whole data set (165 
protein spots/98 genes) was -0.025 (Rg, 3A), Even for the 28 
protein spots (Rg. 20) that were found to have a statistically 
significant correlation between their mRNA and protein, use of 
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Fig 2. >A-C. plots showing tha correlation between mRNA and protein for the three selected genes Op18, Annexin IV. and GAPD for all 76 
lung adenocarcmonnas and nine non-neoplastic lung samples (p < 0.05). O. distribution of all 165 Spearman correlation coefficients (rt and 
venfication analysis using SAM, A more detailed description of the method is provided under "Experimental Procedures.- Approximately 1 7% 
of he 1 65 proteins demonstrate a significant con-elation between mRNA and protein levels as demonstrated by the values shown beyond the 
outer range of threshold A 0.1 15. Nomr^alized protein values were used, thus negative values for some proteins are obsei^ed 



the average value resulted in a correlation coefficient value of 
-0.035. which was not significant (Fig. 3S). 

Lack of a Relationship between Protein/mRNA Conelation 
Coefficients and Average Protein Abundance—To determine 
whether an absolute protein level might Influence the con-e- 
lation with mRNA. the mean value of each protein (relative 
abundance) and the Spearman protein/mRNA correlation co- 
efficients among all 85 samples were examined. No relation- 
ship between the protein abundance and the correlation co- 
efficients was observed (r = 0.039; p > 0.05). A detailed 
analysis of separate subsets of proteins with differing levels of 
abundance (less than -0.0014, larger than -0.0014. or larger 
than 0.0077) also showed a lack of congelation between mRNA 
and protein expression among the 83 (50%), 82 (50%), and 41 
(25%) of 165 total protein spots, respectively (r = 0.016. 0.08. 
and 0.172. respectively). 

Stage-related Changes in the Protein/mRNA Correlation 
Coefficients—To detemnine whether the 21 genes (28 protein 
spots) showing a significant con-elation between the protein 
and mRNA expression among all samples demonstrate 
changes in this relationship during tumor progression, the 
correlations were examined separately for stage I (n - 57) and 



stage III (n = 19) lung adenocarcinomas (Table Hi). The num- 
ber of non-neoplastic lung samples (n = 9) was insufficient for 
a separate correlation analysis of this group, f^any of the 
protein spots represent one of several Icnown protein isofonns 
for a given gene. The majority of genes (1 6/21 ) did not differ in 
the protein/mRNA conelation between stage I and stage III 
tumors indicating a similar regulatory relationship between the 
mRNA and protein spot. GRP-58. PSIVIC. S0D1. TPI1, and 
VIM, however, were found to demonstrate significant differ- 
ences in the con-elation coefficients between stage I and 
stage Hi lung adenocarcinomas. For GRP.58. PSMC, and ViM 
the change in the correlation coefficient was because of a 
relative increase in protein expression in stage Hi tumors. For 
SOD and TPI the change resulted from a relative decrease in 
expression of this specific protein in stage Hi tumors. 

DISCUSSION 

Relatively little is known about the regulatory mechanisms 
controlling the coniplex pattems of protein abundance and 
post-translational modification in tumors. Most reports con- 
cerning the regulation of protein translation have focused on 
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Table III 

Stage-dependent analysis of protein-mRNA correlation coefficients 
r, correlation coefficient. Values in boldface indicate a significant difference between stage I and stage III. 





uanc3 ndiiici 




r t^taae IIH 


rundiun 


1874 


AKR1B1 


0.269 


0.106 


Carbohydrate metabolism; electron transporter 


2524 


ANXAI 


0.184 


0.572 


Phospholipase Inhibitor; signal transduction 


0994 


ANXA4 


0.660 


0.362 


PhosphoHpase inhibitor 


0963 


ANXA5 


0.241 


0.390 


Phospholipase Inhibitor; caldum binding; phospholipid binding 


1314 


DJ-1 


0.363 


0.354 


Signal transduction 


1405 


FTL 


0.126 


0.358 


Iron storage protein 


0S55 


GAPD 


0,243 


0.581 


Carbohydrate metabolism (glycolysis regulation) 


0350 


GRP5B 


0.327 


-0.087 


Signal transduction; protein disulfide isomerase 


0264 


HNRPK 


0.360 


0.243 


RNA-binding protein (RNA processlng/modiflcallon) 


1192 


HSPB3 


0,457 


0.633 


Heat shock protein 


0523 


KRT1B 


0.115 


0^371 


Structural protein 


0439 


KRT8 


0.323 


0.436 


Structural protein 


1492 


LAPIS 


0.483 


0.663 


Signal transduction; cell growth and maintenance 


153B 


LGALS1 


0.200 


0.528 


Apoptosis; cell adhesion; celt size control 


1252 


PSMC 


0.253 


0.060 


Protein degradation 


1104 


SFN 


0.465 


0.475 


Signal transduction (protein kinase C inhibitor) 


1454 


S0D1 


0.352 


0.079 


Oxidoreductase 


1203 


TPI1 


0.378 


0.009 


Carbohydrate metabolism 


0957 


TPM1 


0.475 


0.225 


Structural protein (muscle); control of heart 


0593 


VIM 


-0.054 


0.556 


Structural protein 


0935 


YWHAH 


0.283 


0.210 


Signal transduction 



one or several protein products (18). Celis et al. (19) found a 
good correlation between transcript and protein levels among 
40 well resolved, abundant proteins using a proteomic and 
microarray study of bladder cancer. By comparing the mRNA 
and protein expression levels within the same tumor samples, 
we found that 1 7% (28/1 65) of the protein spots (21/98 genes) 
show a statistically significant correlation between mRNA and 
protein. These proteins appear to represent a diverse group of 
gene products and include those involved in signal transduc- 
tion, carbohydrate metabolism, protein modification, cell struc- 
ture, heat shock, and apoptosis. These results suggest that 
expresston of this subset of 165 proteins is likely to l^e regulated 
at the transaiptional level in these tissues. The msjority of the 
protein isofomfis, however, did not con^elate with mRNA levels, 
and ttius their expression is regulated by other mechanisms. We 
also observed a subset of proteins that demonstrated a nega- 
tive conflation with the mRNA expression values; for example 
^-haptoglobin demonstrated a strong negative con^elatbn with 
Its mRNA expression values. This may reflect negative feedback 
on the mRNA or the protein or the presence of other regulatory 
influences that are not understood currently. 

Post-translational modification or processing will result in 
individual protein products of the same gene migrating to 
different locations on 2D- PAGE gels (20). Because the identity 
of all possible Isofonns for each protein examined has not 
been characterized completely, this may influence the conge- 
lation analyses performed in this study. This is partly because 
of limitations of the 2D-PAGE and mass spectrometry tech- 
nologies (21, 22). Potential inconsistencies between mRNA 
and protein correlations that have been reported may also be 
because of differences, even in the same gene, in the mech- 



anisms of protein translation among different cells or as 
measured in different laboratories (23). 

In this study, we examined 165 protein spots identified in 
lung adenocarcinomas. Ninety- six protein spots, representing 
the products of 29 genes, contained at least two protein 
isofomis. Nineteen of 96 protein spots, representing 12 
genes, were shown to have a statistically significant con-ela- 
tion between their protein and mRNA expression, suggesting 
that the levels of these proteins reflects the transcription of the 
coiTespondir>g genes. Differences In protein/mRNA correlations 
were found among the individual isoforms of a given protein. For 
example, of the four 0P1 8 isoforms, three showed a statistically 
significant correlation between the protein and mRNA expres- 
sbn levels. The lack of relationship for the one isofonu, how- 
ever, indicates that individual protein isoforms of the same gene 
product can iDe regulated differentially. This is not unexpected 
and likely reflects other post-translational mechanisms that can 
Influence isoform abundance in tissues an6 cancer. 

In addition to the analyses of the con-elation of mRNA/ 
protein within the same tumor samples, we also tested the 
global relationship between mRNA and the corresponding 
protein abundance across all 165 protein spots in the lung 
samples. A protein and mRNA average value for each gene 
was generated using all 85 lung tissues samples. We ob- 
served a very wide range of normalized average protein and 
mRNA values. The con-elation coefficient generated using this 
average value data set was -0.025, and even for the 28 
protein spots that showed a statistically significant correlation 
between individual mRNA and proteins, the correlation value 
was only -0.035, This suggests that it is not possible to 
predict overall protein expression levels based on average 



Molecular & Cellular Proteomics iA 31 1 



Protein and mRNA Correlation in Lung Adenocarcinomas 



Fig. 3. The overall correlation of 
mRNA and protein levels across all 
165 protein spots (4) and across 28 
protein spots that contained Individ- 
ual r values larger than 0.244 (B) are 
shown. Each protein or mRNA mean 
value was calculated based on all 76 
lung adenocarcinomas and nine non- 
neoplastic lung samples using quantita- 
tive 2D-PAGE and Affymetrix oligonu- 
cleotide microan^ys. The Spearman 
correlation coefficients for the two data 
sets i/\ and S) were -0,025 and -0,035, 
respectively, indicating a lack of conela- 
tlon rf mean values for mRNA and protein 
for alt samples is used. 
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mRNA abundance in lung cancer samples. This conclusion Is 
also supported by prevbus results from Anderson and Seil- 
hamer (24). who examined 19 genes in human liver cells, and 
by Gygi et a/. (25), who examined 106 genes in yeast. Both 
studies found a lack of con-elation between mRNA and protein 
expression when average or overall levels were used. 

A good con-elation was reported vA^en the 11 most abun- 
dant proteins were examined in yeast (25), suggesting that the 
level of protein abundance may be a factor that may influence 
the con-elation between mRNA and protein. In the present 
study, a fairly wide range of mean protein values among 165 
protein spots In lung adenocarcinomas was obsen/ed, and 
the correlation coefficients also varied from -0.467 to 0.442. 



A comparison between the mean value of each protein and 
the con-elation coefficient generated using all 85 tissue sam- 
ples did not reveal a strong relationship between the overall 
protein abundance and the conflation coefficients (r = 0.039; 
p > 0.05). Detailed analysis of different subsets of protein abun- 
dance also failed to show a conelation between mRNA and 
protein expression. Thus in contrast to yeast, a relationship 
between mRNA/protein congelation coefficient and protein 
abundance in human lung adervocarcinomas was not observed. 

The results of this study indicate that the level of protein 
abundance in lung adenocarcinomas Is associated with the 
con-esponding levels of mRNA in 17% (28 proteins) of the 
total 165 protein spots examined. This was substantially 
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higher than the amount predicted to result by chance alone 
(which was 5.1) and suggests that a transcriptional mecha- 
nism likely underlies the abundance of these proteins in lung 
adenocarcinomas. We also demonstrate that the expression 
of individual isoforms of the same protein may or may not 
con-elate with the mRNA, indicating that separate and likely 
post-translational mechanisms account for the regulation of 
isoform abundance. These mechanisms may also account for 
the differences in the correlation coefficients obsen/ed between 
stage I and stage III tumors, indicating that specific protein 
Isoforms show regulatory changes during tumor progression. 
Further studies In lung adenocarcinomas will examine the rela- 
tionship between the expression of individual protein Isoforms 
and spedfic clinical-pathological features of these tumors, such 
as the presence of anglolymphatic invasion, and nodal or pleu- 
ral surface involvement. The potential to identify specific protein 
isofomrts associated with biological behavior in lung adenocar- 
cinomas would be of considerable interest and vwll add to our 
understanding of the regulation of gene products by transcrip- 
tional, translational, and post-translatranal mechanisms. 
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All iucrcascd high-mobility group A2 expression level is associated with 
malignant phcnotype iu pancreatic exocrine tissue. 

AbcJV, VVatnnabe SuzuldV, Matsumoto N . Masaki T , Mori T . Sugiyama M 
Cluappctta Fusco A. Atonii Y . 

First Department of Surgery, Kyorin Uaiversity School of Mcdiciae, 6-20-2, Shinkawa 
Mttaka, Tokyo 1 8 1 -86 1 1 , Japan, abenbtg@kyoriii-u.acJp 

The altered fonn of the high-mobility group A2 (HMGA2) gene is somehow related to 
the generation of human benign and malignant tumours of mesenchymal origin. 
However, only a few data on the expression of HMGA2 in malignant tumour originating 
from epithelial tissue are available: In this study, we examined the HMGA2 expression 
level in pancreatic carcinoma, and investigated whether alterations in the HMGA2 
expression level are associated with a malignant phenotype in pancreatic tissue. High- 
mobility gioup A2 mRNA and protein expression was detemined in eight surgically 
resected specimens of non-neoplastic tissue (six specimens of normal pancreatic tissue 
and two of chronic pancreatitis tissue) and 27 pancreatic carcinomas by higlily sensitive 
reverse transcriptase-polymerase chain reaction (RT-PCR) techniques and 
immunohistochemical staining, respectively. Reverse transcriptase-polymerase chain 
reaction anal^'sis revealed the expression of liie HMGA2 gene in non-neoplastic 
pancreatic tissue, although its expression level was significantly lower than that in 
carcmoma. Lmmunohistochemical analysis indicated that tlie presence of the HMGA2 
. jgenc in non-neopiastic pancreatic tissue obsen^ed in RT-PCR reflects its abundant 
expression in islet cells, togetlier with its focal expression in duct epithelial ceils. Intense 
ajid multifocal or diffuse HMGA2 immunoreactivity was noted in all the pancreatic 
carcinoma examined, A strong correlation between HMGA2 overexpression and the 
diagnosis of carcinoma was statistigally verified. Based on these fmdings, we propose 
that an increased expression level ofthe MMGA2 protein is closely associated with the 
malignant phenotype in the pancreatic exocrine system, and accordingly, r-fMGA2 couid 
seive as a potential diagnostic molecular marker for distinguishing pancreatic malignant 
cells from non-ncoplastic pancreatic exocrine cells. 
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extracts. If these minor ce)I proteins differ among cells to the same extent as the 
more abundant proteins, as is commonly assumed, onhy a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in cell morphology and behavior. 

A CeJl Can Change ihe Expression of Its Genes 
in Kesponse to External Signals ^ 

Most of (he specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specialization— different cell types often respond in dif- 
ferent ways to ihe same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect ihe persistent expression of different sets of 
genes. 

Gene Expression Can Be Regulalec! at Many pi the Steps 
in Ihe Pathway from DNA to RNA to Protein ^ 

If differences betAveen the various cell types of an organism tiepend on ihe par- 
licular genes th;U ihc cells express, :ii what level is the control of gene expression 

e. Neicised? There nre many steps in the pad^iway leading from DNA to protein, and 
-lil of them can in principle he regnl.iicd. Thus ;i cell can control the proteins if 
makes by (J) controlling when and how ofien a given gene is transcribed Itran- 
scriplional eontjolj, (2) controlling how (he prinmry UNA n anscript is spliced or 
otherwise processed |RNA processing control), (3) stTocting which conipleieil 
rnftNAs in il>e cell nucleus nre exported to the cytoplasm (UNA transport coji- 

f. rol). (■)) ;^e]t?C(ing wliich rnRNAs in the cympkism riie uanshitetl hy lihosonies 
t{ranslalion:d control), (S) selectively deslwhilizing certnin rnKNy\ molecules in 
(he cyioplnsm (mKNA dcgradaiion control), or (8) selectively acfivniing, inacti- 
vating, or eornpartinentidizing specific protein molecules nfict they hnve heeji 
made iprotein luiiviiy control) (ri|;nie 0-2). 

I- or most genes tj ;m.scriptiona) conirois ntc p.fiarnouiit. ri>is makes sense 
hecaijse. of ;iH the possible control poiius illusf rated in Pignie '3-2, only transcrip- 
tion;! I coniiol ensuies ih.it uo supeitlnous iniennedi;i(es are synthesized, hi the 
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SinniTiary 

The mtniy types oj relis in nnimnls ami pUitits are crentetl Un^ely through mecha- 
nhms tlwf at use ilifferent genes to be tmnsaihetl in liifferent tells. Since rnanyspe- 
ciatizeil tntimni t ells ran mmnfam their ntiiffite clunticter when grown in culture, the 
gene regulatory oierhnnisms inrohetl in creating them must he stable once eslah- 
lishetl.anil heritable when the cell tliviiles, endowing the cell with a memory of its 
developmental history. Proctnyotes mul yeasts provide unusually accessible model 
systems in which to study gene regululory mechnnisms, some of which may be rel- 
evant to Ihe creation of specialized cell types in higher encnryotes. (hie such mecha- 
uism involves a rompetHive interaction between two for more} gene regulatory pro- 
teins, earh of which inhibits the synthesis of the other; this can create a flip-flop 
switch thai switches a cell between two alternative pt it terns of gene cMpression. Vi- 
rert or indirert positive fen I ha ek loops, whieh enable gene regulatory proteins to 
perpennitt' their own synthesis, provide a gioieral uiechtmisnt for c.t'll memory 

In e mar votes gene transcription is generally con t tot lei I by combinations of gene 
reguUnoryproh'ins. It is thought (hat i^mh type of cell in a higher eucaryotic orguftisut 
coutnins a spei ifle rombiuafion ofgme regulatory proteins that ensures the expres- 
shm of only those genes appropriate to that type of cell. :\ given gene regulatory pro- 
tein imty be e.xpresseil in a variety of eireinusiames and ty pic idly is involved in the 
regulation nf nuuty genes. 

In adtlilion to diffusible getw regidatory proteins, inherited states ofchronuiiiu 
conilensation are ols*} utilized by eunu ytftic cells to tegnhiiegene e.vpression. In ver- 
tebrates DNA meihylatitm also (days a part, ttutinly as a derice to reinforce decisions 
(dmnt gene e.\pression thiU are ntnde initially by *nher mechanisms. 
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FROM DNA TO RNA 

Transcription and translation ate ihc means by which cells read out^ or. express, 
the genelic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different efficiency allowing the cell to make vast quantities of 
some proteins and tiny qtiantiiies of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according (o the needs of the moment— most obviously by controlling 
the production of its RNA. 



Figure &-3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A ir> the cell to be 
much greater than that of protein B. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading o\it a needed pan of its genelic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— inio an 
RNA nvicleotide sequence. The information in RNA, although copied into another 
chemical form, is still wririen in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is n linear polymer maile of four different types of nucleotide 
subuniis linked logeihei by phosphocliester bonds (Figure 6-1). It differs from 
DNA chemically in two n^spects: ()} the nucleotides • in RNA are 
hbonudeoii(Jes~~\hn\ is, they contain ihe sugar ribose (hence the name ribonii' 
rleic acid) rather than (let>,v)'ribo5e; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine IG), and cytosine (C), it contains. the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Fignie 6-5). the complementary base-paiiing properiir.s 
described for DNA in tZhapter.^ 4 .md 5 apply also to RNA (in RNA, G paiis with 
C, and A pairs with U). Ji is noi uncommon, however, to find other types ol h:ise 
pairs in RNA: for example, G pairing wiih U occasionally . 

Despite these small chemical dillerences, DNA and RNA differ qui le ili a- 
mntically in overall su net ore, VVheieas UNA always occms in cells as a donble- 
stranded hcUx, RNA h single- stranded. RNA chains therefore fold up inio a 
vnrieiy of shapes, jnsi as :i polypcpiide chain folds up lo form the ihr.t) sh;ipe o\ 
a protein (Figure (?-6). As wif st.-u Irnei in this chapter, the abihiy to fold into com- 
plex lhree-dimension:il shr.pps allows sonre RNA molecules to have sniti:iur;il 
and catolyiic hnictions. 



Trnnscripiion Produces RNA Cor npleinentnry to 
One Sirnnd of DNA 

All of the RNA in a cell is maile bv DNA ttam;ciiption, a process thai has en- 
tain similarities lo the pn-ct ss (.>! DNA teplicaiion disciisst/d in Chapfri S 
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lire G-90) ronlil l?e n^guliiied by the cell for c;ich imlivi(.lii;il proicin. However, :is 
we sh;i]l see ii^ t^hnpiei 7, ibe initial ion oH iranscripiion is ilie most common 
point toi ;i eel) io legol.ne the expression ol eiich of its Irenes. This in:tkes sense, 
inasmuch ;is ihc mosi cllicieni way lo keep n gene horn I>einf5 e.xpresseil is lo 
block I he vetT Hist ste)) — I he tr.-msciipiion of iis ONA setpjence inlo rm HNA 
molecule. 



Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryoik cell 
depends upon the efficiency of each step 
depicted. 



Summary 

The nnnshinon of fhe nin teolifle sequence of nn tnlii^, ) niofccttle inlo ptoft in takes 
pfnce in iho cytopfosni on a fnr^e lihojntcfeoprott'in ns.wtnhty fttllrti n tihowme. The 
amino t it: ids nsi'il for protein synthesis fire first nttm heii lo n fntnity of iHNA 
nioU'i.uies, eoff) ojWUich t eco^jiizes, by rotnpU'menfary )}tisr- pair intcrm tions, pnr- 
tii'ulin.^i'ts of three nucleotides in the mRNA (rodons). i'he snptetue i)f nuvleotittes in 
the ntltNA is then teoiffrooi one end to the other in sets of thrt'e net orthnt* to t)ie 
frenetic i intc. 

Tii initiitie it ttnshifivn, n snniU rihosomnt Sid?nnit himfs to the otitiMA moleeide 
at a Sinn rodon (AUG) fhnt is recof^nized by o itniipie iniiintm iRIMA tnolcade. A 
Inri^e riht»unt(d snh)ntit binds to complete tjje ribosonte nntl hepn the clotiy/ition 
phase of pnnein synthesis. During tJtis phnse, atninoocyl tHNAs — e<u h bcnrin^ u 
specific amino Olid hind sequentially to the appropriate codon in niHNA byfonninii 
complementai v base paiis unih the iHNA oniicoiion. F.ach amino odd is utlded to the 
C-iermirud rmi f>f the y^ttnving potypvptitle by means oj a cycle i>j ihree sequenfial 
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Figure 7-5 Six steps at which 
eucaryotk gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed In this 
chapter. Step 6. the regulation of protein 
activity, includes reversible activation or 
inactivaiion by protein phosphorylation " 
{discussed in Chapter 3) as wrell as 
irreversible Inaciivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway fron^ DNA to RNA to Protein 

If differences nmong the various cell (ypes of an organism ilepejul on ihe partic- 
ular genes that Ihe cells express, ai what level is the control of gene expression 
exercised? As we saw in ihe last chapter, Ihcre are many steps in ihe pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thits 
2 cell can control the proteins it makes hy (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the HNA 
transcript is spliceil or otherwise processed (UNA processing control), (3) 
selecting which completed n:>nNAs in the cell nnclens are exported to the cyiosol 
nnd determining where in the cyiosol they are localizeii (RNA transport and 
localizan'on control), (^I) selecting wl)ich mRNAs in the cytoplasm are translated 
by ribosomes (translattonal control), IS) selectively destabilizing certain mHNA 
molecules in the cyioplasn^ (mRNA degradatitm control), or (r>) selectively ;>cii- 
vating, inactivating, degratling, or compartmentalizing specific protein 
rnoleciiles after they have been maite (protein activity control) {l-ignre 7-r>). 

For most genes transcriptional controls are paramonnt. t his makes sense 
;:ecaiise, of all the possible control points illtisiratcd in 1-igiire 7-3. only iran- 
vcripttonal control ensures ihat the cell will not synthesi/,e snperlliiotis inic-rme^ 
..'iates- In the following sections vve disctiss ihe DNA ami pitMein components 
•!km peilorjo this lunctiot^ by regiilaiing ihe tJiliiatioii of gene iranscrijMion. 
■•hall return at the enti of the chapter to the additional ways i>f regulating gerte 
i ;>ptes?;ii>n. 



: ijintTnary 

; hct;enonie of a cell contnins in its ONA .w/jticnce ihe infornmtion to nuike many 
■honsnnds ofdifjerenl protein nnd HNA molci nles. A cell fypicnlly expresses only n 
j. action ofits^ene^, and the ili/fereni types of cells in ninlticellnlnr orf^nnisnis ,n ise 
■■■.cause different sets of genes ore e,\pre$setl. Moreover, cells can c.hnnf^e the pot tern 
• ■ '^encs they ejipress in response to chnnt^es in their environweni, such os siyntds 
■'■nn other cells. Alfhonyjt nil of the sfeps invnleed in expressing it y^ene con in prin- 
::pie be rcf^nlated, for most i;enes the in i tint ion of RNA tronscription is the most 
\: port not point of control. 



j\v (h>es a cell determine which o\ its iljousands i>t genes to iiansctibeV As 
' miioncri briefly in Chapters \ arjd t:.. rhe nansrr iption of each gene is con 
' *k tl by a legiilaiory legion t>f DNA rclair. riy near the i^ite where Kanscj iptir.n 
' ; I * ^ . .S( t iTj 0 M?g 1 1 1 a I o J )' r e i:; i o J ) s a 1 s 1 1 1 1 p [ 0 ; I r M I ; 1 1 ■ I as s \ v i I c i ) es 1 1 j a t a n* f li n >\\' n 
r inije ;a£^nal. Many oiheii an^ t onipl.--. and at. i a:> tiny rnicf opioces.-^MS. 
iX)ndir(g in ;i variety of signals dial dn-v ijiieiptei ajid iniegtaie ioswin;l> (he 
vlibori)ig gene on or off. Whether o.unpie.N or .-.ifuple, lljei>e swiichnig device-; 

;■ ::ii-;r li-JG i-iOi tf 0. IN r f. i ! 1^ i.-.p.. \'--_.\\\vy 
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Selective iipoptosis of natural killer-cell tumours by l-asparaginase, 

Ando M , Sugimoto K , KitohT, Sasaki M , Mukai K , Ando J , Egasiura M , Schuster 
SM,OshimHK. 

Department of Haematoiogy, Juntendo University School of Medicine, Tokyo, Japan. 

We examined the effectiveness of various anti-tumour agents to natural killer (NK)-ceil 
tumour cell lines and samples, which are generally resistant to chemotherapy, using flow 
. cytometric terminal deoxynucleotidyl trausferase-mediated dUTP-biotin nick end- 
labelling (TUNEL) assay. Although NK-YS and NK-92 were highly resistant to various 
anti-tumour agents, 1-asparaginase induced apoptosis in these two NIC-cell lines. NK-cell 
leukaeniia/lymphoma and acute lymphoblastic leukaemia (ALL) samples, were , 
selectively sensitive to 1-aspaiaginase and to doxorubicin (DXR) respectively. Samples of 
chronic NK lymphocytosis, an NIC-cell disorder with an indolent clinical course, were 
resistant to both drugs. Our study clearly separated two major categories of NK-cell 
disorders and ALL according to the sensitivity to DXR and [-asparaginase. We examined- 
asparagine synthetase levels by real-time quantitative polymerase chain reaction (RQ- 
PCR) and immuuostaLning iji these samples. At least in nasal-type NK-cell lymphoma, 
there was a good correlation among asparagine synthetase expression, in vitro sensitivity 
and clinical response to l-asparaginase, hi aggressive NK-cell leukaemia, although 
asparagine synthetase expression was high at both niRNA and protein levels, I- 
asparaginase induced considerable apoptosis. Furtheirnore, samples of each disease entity 
occupied a distinct area in two-dimensional plotting with asparagine synthetase mRNA 
level (RQ-PCR) and in vilrol-asparaginase sensitivity (TUNEL assay). We confirmed 
rather specific anti-tumour activity of 1-asparaginase against NK-cell tumours in vitro, 
which provides an experimental background to the clinical use of 1-asparaginase for NK- 
cell tumours. 
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Human thyroid carcinoma cell luies and normal thyrocytes: expression 
and regulation of matrix metalloproteinasc-1 and tissue matrix 
metaDoproteinase inhibitor-1 messenger-RNA and protein. 

Aust Hoftnann A. Laue S, Rost A. Kohler T, Scherbaum WA . 

Institut of Anatomy, University'of Leipzig, Germany. 

Matrix metalloproteinase-1 (MMP-1) and tissue matrix metaJloproteinase inhibitor 1 
(TIMP-1) play an important role in reniodeling the extracellular matrix in normal and 
pathological processes. The effect of phorbol-myristate acetate (PMA), interleiikin-l (IL- 
. .1), and tumor necrosis factor-alpha (TNF-alpha) on MMP-1 and TIMP-1 expression was 
studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 
1736 thyroid carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA 
(nxRNA) levels were monitored by competitive semiquantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) after 24 hours. Culture supematants were assayed 
for free and/or complexed MMP-1 and TIMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (ELI S A) systems (detection limit; <2 ng/mL). MMP-1 and TlMP-1 
mRNA were present in all cell types, although thyrocytes showed MMP-1 mRNA levels 
near the detection limit. 8505 C expressed MMP-1 mR>]A levels of up to 10(6) times 
those of the other cells analyzed. PMA and lL-1 increased MMP-1 mRNA in most cell . 
types. TlMP-1 mJWA increased after treatment with PMA in all cells except 8505 C, 
whereas only slight effects were shown after IL- 1 stimulation. MMP-1 protein was 
undetectable in normal thyrocyte cultures, but was secreted spontaneously by all cell 
lines ([ng/mL]; C 643: 15+/-7; HTh 74: 81+Al; SW 1736: 13+7-2; 8505 C: 2097+/-320X 
There was a strong correlation between levels of MMP-1 mRNA and protein (r = 0.99, p 
< .0001). PMA and lL-1 increased MMP-1 secretion in all cell types after 48 hours. 
Fibroblasts ([ng/mL] 517+/-55) and the cell lines (C 643: 1424^7-48; HTh 74: 11 5+/- 13; 
SW 1736: 202+/-14; 8505C: 120+/-19) secreted TlMP-1 in unstimulated cultures, 
whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TIMP-I secretion after 48 hours in SW 1736, HTh 74, and C 
643 cells. Our data suggest that in contrast to nonnal thyrocytes, dedifferentiated thyroid 
carcinoma cell hnes are potential producers of MMP-1 as well asTlMP-1. High MMP-1 
or MMP-I/TlMP-1 expression may play a role in tissue invasion of undifferentiated 
thyroid cancer cells. 



Related Articles, Links 



PMID: 9349574 (PnbMed - indexed for MEDLINE] 



Thyroid 



Volume 7 Number 5 October 1997 



CLINICAL RESEARCH 

Levothyroxine Suppressive Therapy is Partially Effective in Treating Patients with Benign, 

Solid Thyroid Nodules and Multinodular Goiters. 
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Human Thyroid Carcinoma Cell Lines and Normal 
Thyrocytes: Expression and Regulation of Matrix 
Metalloproteinase-l and Tissue Matrix Metalloproteinase 
Inhibitor-1 Messenger-RNA and Protein 

G. AUST,» A. HGFMANN,^ S. LAUE,^ A. ROST/ T. KOHLER,^ and W.A. SCHERBAUM^ 

ABSTRACT - 

Matrix metaJloproieinasc-l (MMP-1) and tissue matrix metalloproteinase inhibitor 1 (TlMP-1) play an impor- 
tant role in remodeling the extracellular matrix in normal and patbologica] processes. The effect of phorbol-myris- 
taie acetate (PMA), interleukin-l (IL-l), and tumor necrosis fact or- or (TNF-a) on MMP-1 and TlMP-1 expres- 
sion was studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 1736 thyroid 
carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA (mRNA) levels were monitored by 
compeddve semiquantitative reverse transcriptase polymerase chain reaction (RT-PCR) after 24 hours. Culture 
supematants were assayed for free and/or complexed MMP-1 and TlMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit; <2 ng/mL). MMP-1 and TlMP-1 mRjNA were present in 
aD cell types, although thyrocytes showed MMP-1 mRNA levels near the detection limit. 8505 C expressed MMP- 
1 rriRNA levels of up to 10^ times those of the other cells analyzed. PMA and BL-l increased MMP-1 mRNA in 
most ccU types. TlMP-1 mRNA increased after treatment with PMA in all cells except 8505 C, whereas only 
slight effects were shown after DL-l stimulation. MMP-1 protein was undetectable in normal thyrocyte cultures, 
but was secreted spontaneously by all cell lines ([ng/mL]; C 643: 15 ± 7; HTh 74: 81 ± 1; SW 1736: 13 ± 2; 
8505C: 2097 ± 320). There was a strong correlation between levels of MMP-1 mRNA and protein (r= 0.99, 
p < .0001). PMA and IL-l increased MMP-1 secretion in all ccU types after 48 hours. Fibroblasts ([ng/mL] 517 ± 
55) and the cell lines (C 643: 142 ± 48; HTh 74: 115 ± 13; SW 1736: 202 ± 14; 8505 C: 120 ± 19) secreted 
TIMP-rl in unstimulated cultures, whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. DL-l uprcgulated TlMP-1 secretion after 48 hours in SW 1736, HTh 74, and C 643 cells. Our data 
suggest that in contrast to normal thyrocytes, dedifferentiated thyroid carcinoma ceU lines arc potcntiaJ produc- 
ers of MMP-1 as well as TlMP-1. High MMP-1 or MMP-l/TTMP-l expression may play a role in tissue inva- 
sion of undifferentiated thyroid cancer cells. 



nsnrRopucTiON 

MATHW METALLOPROTEINASES, (MMPs) COnSlitUlC 3 
family of structurally related proteolytic enzymes re- 
sponsible /or the proteolytic degradation of extracellular 
matrix (ECM) components. They arc imponant partici- 
pants in normal tissue remodeling rind contribute to the 
phcnotype of several pathological conditions that arc as- 
sociated with progressive ECM degradation. MMPs arc 
highly regulated at different levels (1). At the transcrip- 
tional level, MMP expression can be directly induced or 



suppressed on exterrial stimulation, ic, with cytokines, 
phorbol 12-myrisiatc 13-acciaic (PMA), lipopolysaccaridc 
(LPS), or rciinoic acid (2,3). Ahcr secretion at post-tran- 
scripiional level, latent MMP proenzymes are regulated by 
proteolytic activation and interaction with tissue inhibitors 
of matrix metalloproteinase (TlMPs)> their Sjxrcific in- 
hibitors. Any imbalance between the proteolytic MMPs ac- 
tivities and the TlMPs that could be influenced and caused 
by cytokines could potentially, lead lo pathological condi- 
tions (4). 

MMP-1, nlihough known as an interstitial collagenase. 
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is the only enzyme active ar neutral pH thai can degrade 
extracellular fibers comprised of collagen types 1, II, and 
IJL With this initial step, MMP-1 provides the cleavage 
products to other collagenase types (5). The major specific 
inhibitor of MMP-I is TIMP-1, a 28.5-kd glycoprotein, 
which forms 1:1 stoichiometric complexes with the pro- 
tease (6). Cytokines and growth faaors have been shown, 
to regulate the expression of both MMP-1 and TIMP-1 
(1>7>8). 

Ahhough the participation of MMP-1 as the initial col- 
lagenase in tissue breakdown during tumor development is 
well documented (9-11), only one study has described the 
expression (12) but no study has as yet investigated the reg-: 
ulation of this enzyme in different thyroid tumors, Fcvir stud- 
ies have been published investigating the role of other 
MMPs in normal and pathological thyroid tissue by in situ 
hybridization and immunohistochcmistry (13-16), Fur- 
iherrnbre, tissue icmodcling includes both the aaion of 
MMPs and their inhibitors; thus, these enzymes could be 
involved in autoimmune and other nonautoimmune thyroid 
diseases during morphological changes (17,18), It is still un- 
known whether or not thyrdcytes are able to express MMPs 
and TlMPs. Ahhough rype P/ collagenases (MMP-2 and 
MMP-9) were dcieaed in various human epithelial cells of 
different tissue origin (15,20), only one study described the 
secretion of MMP-1 by epithelial ccUs (21). 

Highly purified normal thyrocytes and four thyroid car- 
cinoma cell lines were included in this study to investigate 
the involvement of these cells in MMP-1 and TlMP-1 pro- 
duction during thyroid tissue remodeling processes and in 
malignant thyroid neoplasms. MMP-1 and TIMP-1 ex- 
pression were studied at both the mRNA and protein level 
by semiquantitative RT-PCR and ELISA measurement, re- 
spectively. 

In unstimulated carcinoma cell lines both MMP-1 and 
TIMP-1 mRNA were expressed, partly at a high level, fol- 
lowed by the spontaneous secretion of the proteins. The 
various conditions for the stimulation of the different cell 
lines by cytokines and PMA were defined. In contrast to 
the cell lines, normal thyrocytes did not secrete MMP-1 
and only trace amount of TlMP-1, even afier stimulation 
with PMA. 



MATERIALS AND METHODS 

Preparation of tissues, thyroid-derived cells, and 
cell lines 

Thyrocyres were prepared from surgical thyroid speci- 
mens from 3 patients (I Graves* disease, 2 nontoxic goi- 
ter; mean age 54.3 '± 5.0 years). Fibroblasts were separated 
from thyroid tissue of 5 other patients (3 Graves' disease, 
2 nontoxic goiter; mean age 43.6 ± 6.4 years). Graves' dis- 
ease and nontoxic goiter were diagnosed on the strength 
ol clinical, biochemical, and immunologic features as well 
as thyroid .scintiscnns. 

Thyroid tissue was trimmed of fat and connective tissue 
immediately after surgery. Thyroidrderivcd cells were en- 
riched 3her gjadual enzymatic digestion of tissue and cul- 
tured over a period of J 6 hours as described. Thyrocytes 
wrie obrulneci I torn the ndherent frntiion by incu baling 



the cell monolayer with phosphate buffered saline (PBS) 
without Ca^-A4g^* for 45 minutes |22). Residual fibro- 
blasts were ircmoved after subsequent incubation of the 
cells with the fibroblasi-specific mab FibASOl (22) and 
goai-anti-mouse IgG-DYNABEADS® M45a (DYNAL, 
Hamburg, Germany) according to the manufacturer's pro- 
tocol. 

Thyroid-derived fibroblasts were obtained after culturing 
small pieces of thyroid tissue in Dulbeccos's Modified Ea- 
gle's Medium (DMEM) voth 10% fetal calf serum (FCS) 
and harvested in the 5lh to 7ih passage. The purity of the 
thyrocytes and fibroblasts was determined by using indirect 
immunofluorescence technique on a FACS-Scan (Becton 
DicJcirison GmbH, Heidelberg, Germany) as described {22)^ 

The following human anaplastic thyroid carcinoma cell 
lines were cultured in DMEM with 10% FCS: C 643 (23)- 
SW 1736 (23); and HTh 74 (24). The cell line 8505 C (25) . 
was purchased from the German Collection of Microorr. 
ganisms and Animal Cell Cultures (DSM ACC219). This 
cell line was established from a prirnary thyroid tumor 
characterized histologically as a undifferentiated carcinoma 
that was panially coinposed of poorly differentiated pap- 
illary cells (25). This is a feature of a subgroup of anaplas- 
tic carcirioma (26). The majority of these coexistent better 
differentiated carcinoma foci in anaplastic- carcinoma were 
papillary (26): 

In vitro cultures 

Using 24-weII plates, 1X10^ cells were cultured for 24 
hours. The medium was aspirated and replaced wridi 500 
/it OFH-MEM (GIBCO BRL, Grand Island, NY) without 
FCS to eliminate possible stimulation of MMP-1 arid 
TlMP-1 production by FCS. The medium contained the 
desired concentration of human IE-la (10 U/ml; Pcpro 
Tech EC Ltd., London, UK), TNF-a (100 U/mL; Pepro 
Tech EC Ltd.), interferon-y (IFN-y) (500 U/mL; Pepro 
Tech EC Ltd.), or 10 ng/mL PMA (SIGMA)! 

Triplicate cultures of each stimulator were analyzed af- 
ter 3, 6, and 24 hours at the mRNA and after 24 and 48 
hours at the protein level. The supcmatants were removed 
and stored at -80°C for further use. First, a collagcnolytic 
^sszy based on the digestion of type I collagen was per- 
formed. This method showed direct evidence of free pro- 
MMP-1 enzyme in the cell culture supernatants of un- 
stimulated and IL-la stimulated 8505 C, HTh 74, and 
C634 cells (data not shown). However, the method does 
not allow quantitation of MMP-1 enzyme activiry. Thus, 
the cell culture supernatants were assayed for MMP-1, 
TlMP-1, and MMPl/TlMP-1 complex by EUSA (Arner- 
sham Life Sciences, Braunschweig, Gernuny). The MMP- 
1 assay (sensitivity: 1.7 ng/mL) detected only total human 
MMP-], ie, free M.MP-1 and MMP-J complected with in- 
hibitors such as TIMP- L It did not detect MMP-1 l>ound 
by the nonspecific protease Itihibitor ft2-'"a'^r^>gl<>l>"l'"- 
The MMM/TiMP-J assay (sensitivity: 1.5 ng/mL) de- 
tected MMP-l/nMP-j complex, ie, activated MMP-1 that 
has been subsequently complexed with the si>ecific MMP- 
J inhibitor TIMP-I. It did not detect free actfve MMP-1, 
free riMP-l, or pio-MMP-l. I hcrc was no cross-ieactlv- 
ity with active MMP-1 bound by the nonspecific protease 
trihibiior rr7-niacroglobu]in. Tl)e I IMP- I assay (sensitivity: 
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1.25 ng/mL) detected tota! human TIMP-1, ie, free TIMP- 
1 and that complexcd with MMPs. The assay did fulfy 
cross-reaa with TIMP-1 in complexes with other iVIMP. 
It did not cross-react with TIMP-2. 

RNA extraction and cDNA synthesis 

For gene expression studies, 5 mL RNAzolT^ B (Biotex 
Laboratories Inc., Houston, TX) was added to the eel! cul- 
ture wells. The content of three wells of any cell type was 
pooled and then stored frozen for further mRNA analysis 
in liquid nitrogen. Total cellular RNA (cDNA) was iso- 
lated from the probes according to the manufacturer's pro- 
tocol. RNA was fractionated on a denaturing 1.0% agarose 
gel and stained with ethidium bromide to confirm that, 
spccuophotomctric measurements were accurate arid that 
the RNA had not been degraded. Five micrograms total 
RNA was reverse-transcribed to cDHA using the First- 
strand cDNA synthesis kit of Pharmacia (Uppsala, Swe- 
den), in a total reaction volume of 1 5 ^L. 

mRNA analysis by competitive RT-PCR 

To correct for variations across different cDNA prepa- 
rations^ all samples were first adjusted to contain equal in- 
put glyccralderyde-3-phosphatc dehydrogenase (GAPDH) 
cDNA concentrations. Semi-quantitative GAPDH RT-PCR 
was used with a heterologeous synthetic competitor frag- 
ment. The generation of the specific PGR products from 
the competitor and the cDNA with the GAPDH primers 
were published earlier (22,27). 

We then estimated the MMP-1 and TlMP-l cDNA in 
these adjusted samples. The primers were selected using the 
DNAsis computer program (Hitachi Software Engineering 
Co, Yokohama, Japan). The primer pairs span one or more 
inirons to allow unambiguous discrimination between 
cDNA and unwelcome contaminating genomic DNA. In 
quantitating MMP-1 and TlMP-1 cDNA, a rapid one- step 
method was introduced to synthesize an internal homolo- 
gcous competitor (plan diagram of procedure: Fig. 1, ex- 
emplary for MMP-1 [28]. A hybrid primer was synthesized 
(MMP-1 hy) that consisted of two segments (segi, 5cg2). It 



MMPit 



5* 



PCR 



478 bp 



MMPlhy T MMPli 

82 bp 



MMPl internal homologeous competitor 



FIG. 1. General scheme for generating homologous com- 
petitors used for quantitative PCR. 



had a length of 40 nucleotides, in which 20 nucleotides (segj) 
at the 3' end corresponded to the opposite strand of the tar- 
get sequence a predetermined distance from primer MMP- 
If, and 20 nucleotides at the 5' end (scgj = MMP-lr) that 
corresponded to the target sequence upstream hrom the seg- 
ment segi. Amplification v^rith the primers MMP-lf and 
MMP-1 hy from the cDNA resulted in a 478-basc pair (bp) 
(polymerase chain reaaioii (PCR) product. It was freed from 
excess primers and deoxynuclcoside-triphosphatcs (dNTPs) 
using the Qiaquick Gel Extraction Kit (Qiagcn GmbH, 
Hilden, Germany) and quantified. A known number of 
copies of the competitor was mtroduced in the GAPDH-ad- 
justed samples and amplified with the primers MMP-lf and 
MMP-lr. With this approach, two products were generated, 
one derived from the cDNA (560 bp) and another, 82 bp 
smaller in size derived from the internal competitor (Fig. 1). 
PCR produas were resolved by gel electrophoresis (1.5% 
agarose gel). The relative amounts of sample cDNA and 
competitor were quantified by measuring the intensity! of 
ethidium fluorescence with a CCD -image sensor and . ana- 
lyzing the data with the EASY program (Hcrobb, Wicsloch, 
Germany). The initial amounts of sample cDNA and com- 
petitor were assumed to be equal in those reactions where 
the ratio of the two products was judged (o be equal. This 
was expressed in arbitrary units (AU) (22^9). One AU was 
defined as the lowest concentration of competitor yielding- 
a deteaable amplification product when added to PCR 
alone. For example, if equivalence between sainple cDNA 
and competitor was reached using a 1007fold concentrated 
competitor the relative sample cDNA concentration was 100 
AU. TTiyrocytes and the cell lines were analyzed for the ex- 
pression of thyroid-specific and cytokine receptor mRNAs 
in a simple RT-PCR. The sequences of the TPO and cy- 
tokine receptor prin>er pairs have been published by Wat- 
son et al. (30) and Tada ct al. (31) and gave the following 
produa sizes: TPO: 506 bp; IL-IR type 1 (p80):300 bp; IL- 
IR type n (p68): 35>2 bp; TNF-aR (p75): 324 bp; TNF-oR 
(p55): 587 bp and IfN-yR: H99 bp. The thyroglobulin (Tg) 
and thyroid stimulating hormone receptor (TSH-R) primer 
pairs were selcaed according to the published sequences us- 
ing the DNAsis program (Table 1). 

Each 25-;iL amplification reaction contained 2.5 p.L 
10 X concentrated PCR buffer (15 mM MgC^, Boehringcr 
Mannheim, Germany), 0.3 U Taq DNA polymerase 
(Boehringcr Mannheim, Germany), 100 /iM dNTPs 
(Pcrkin Elmer, Weitcrsiadt, Germany), 0.1 /iJVl of each 
primer (1MB, Jena, Germany), and 1 /iL cDNA and com- 
petitor in adjusted dilution. Furthermore, restricrion map- 
ping (restriction enzymes: Boehringcr Mannheim GmbH, 
Germany) was carried out to confirm the originality of the 
PCR produa (Fig. 1, Table 1). 

Statistics 

Protein levels of thyrocyte or fibroblast cultures from the 
different patients and of the thyrod carcinoma cell lines ob- 
tained from three separate experiments were presented as 
mean ± SENi values. Starisrical comparisons between un- 
stimulated and stimulated cell cultures were performed by 
the alternate (Welch) t tesr. The correlation between basal 
mRNA levels and the unstimulated protein secretion in all 
cell types was calculated according to the Spearman method- 
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Table J. Primers, Lenctti of Ampufied Templates, REsmicnoN Mapping and Assay CoNbmoNs for RT-PCR 



Primer 



Length, of Length of Annealing , Number of 
-i* cDNA (bp) competitor (bp) temperature cycles 







GCAGATCTTACTGAGTGGCT 


4)6 




60, 


35 


levcrse 


TGTCAGCACAGTGCCAATAC 










TSH-R 


forward 


ACTTGCTGCAGCTGGTGCT 


354 




65 


35 


exons 1-4 


reverse 


TGAGGGCATCAGGGTCTATG 










TSH-R 


forward 


GAAATTCGGAATACCAGGAACTTA ACT 


89^ 






35 


exons 4-10 


reverse 


AACrCATCGGACTTCGGGGTACA 










MMP-I 


forward 
reverse - 


TGGGAGCAAACACATCTGAC 
ATCACTTCTCCGCGAATCGT 


560 


478 . 


64 


33 




hybrid 


ATCACtTCTCCCCGAATCGT 












CCATATATGGGTTGiGATGCC 










TIMP-I 


forward 
reverse 
hybrid 


CTTAGGGGATGCCGCTGACA 
GGCAGGCAGGCAAGGTGACG 
GGCAGGCAGGCAAGGTGACG 
GGATGGATAAACAGGGAAAC 


35! 


274. 


64 


30 



Tg mdicatcs ihyroglobulint; TSH-R» thyroid slimulating . bonnonc rtccpion MMP-K mzxiix fnctalloproicinasc- ll TIMP-I, tiwoc inhibitor of 
tnclalloprotcinuc- 1; bp, base pair. 



RESULTS 

Thyroid specific and cytokine receptor 
mRNA expression 

Isolated thyrocyies as well as 8505 C cells expressed Tg 
and ihyroperoxidasc (TPO) mRNA, whereas transcripts of 
the TSH-R (exons 1^^, 354 bp, cxons 4-10, S96 bp) were 
present only in the thyrocytes. The three anaplastic thy- 
roid carcinoma cell lines SW 1736^ C 634, and HTh 74 
were completely negative for the Tg, TPO, and TSH-R mR- 
NAs (Fig. 2). All cell lines and thyrocytes expressed 1L-1R 
(type I and type II), TNF-crR (p75 and p55) and IFN-yR 
mRNA (Fig. 2). 

Basal MMP'i and TJMP-J mRNA and 
protein expression 

In most stimulation experiments, mRNA levels did not 
increase until 24 hours of incubation. The 24-hour mRNA 
levels arc shown in Figures 3 and 4. The 3- and 6-hour 
levels arc demonstrated in those experiments where the 
mRNA levels reached their peak before 24 hours of stim- 
ulation. If not otherwise indicated, the MMP-1 levels were 
measured using the ELISA system, which recognizes 
frce/complcxcd MMPT. 

MAiP-1 and TIiylP-1 mRNA were found during un- 
stimulated culture in all investigated cell types, although 
the mRNA levels varied over a great range. 8505 C showed 
a basal MMP-l mRNA level 20 limes as high as those of 
the HTh 74 cells, 6 X 10* limes as high as C 643, and 2 X 
JO^ times as high as SW 1736 cells. In thyrocytes, MA'IP- 
1 inRNA levels were found near the deteciion limit (Figs. 
3 and 4). 

Generally, when analyzing the noted cell types, the mea- 
sured basal MMP-1 or TIMP-1 mRNA levels correbied 
well with the basal protein expression (MMP-1: r = 0.9^ y 
ft < ,0001/nMP'): r - 0.i?8,p < .002). Corresponding to 
the h»gh MMP-l mRNA level, 8505 C cells secreted ex- 
Ktincly Ki|^,h levels of MMP- I. No MMP- 1 or PMP- 1 wns 



detected in uitsiimulatcd thyrocytc cultures, at any time- 
point examined. All othci* cell rypes showed a spontaneous 
MMP-1 and TIMP-1 secretion (Figs. 5 and 6). Thyroid- 
derived fibroblasts produced, basal TIMP-1 levels of up to 
4 times higher in the four carcinoma cell lines, which se- 
creted nearly the same amounts of basal TIMP-1 protein. 
Nevertheless, TlMP-1 secretion of fibroblasts was found 
at lower levels than expcaed after TlMP-1 mRNA mea- 
surement in 4 of 5 analyzed patients. The results of the fi- 
broblast cultures from patient five showing a higher TTMP- 
1 expression than those from the 4 other patients (basal 
24 hour: 50 ± 2; PMA 24 hour:. 5>0 ± 6 ng/mL TIMP-1) 
was omitted in Figure 6. 

Comparing the basal amounr of frce/complcxcd and 
riMP-l cornplcxed MMP-1 after 24 hours of stimulation, 
3 significant level of MMP-1 was not cornplcxed with 
TIMP-1 in 8505 C cultures, whereas in fibroblast cultures 
most of the MMP-1 activity wias inhibited by TlMP-l. The 
anaplastic carcinoma cell line HTh 74 did not show such 
a great discrepancy between frec/complexcd and TlMP-1 
cornplcxed MMP-1 level as 8505 C cells (Fig. 7). 

Effects of IL'la on MMP-J and T/MP-J mRNA and 
protein expression 

Experiments were performed to determine whether hu- 
man thyroid epithelial cells and thyroid carcinoma cell lines 
could produce or increase basal MMP-1 and TlMP-1 se- 
cretion after exposure to various stimuli. The results from 
these stimulation experiments arc summarized in Figures 
3 through 5. Generally, there was a delay in protein se- 
cretion level in comparison to the mRNA expiession level. 
At the protein level, the cyiokine-mediated stimulating or 
inhibiting effect is more distinct after 48 hours compared 
with 24 hours, even when the mRNA level had already de- 
creased after 6 hours. 

IL-I upregulatcd MMP-1 mRNA in SW 1736 cells up 
to 100 limes and, in thyroid-derived fibroblasts, up to 12 
limes after 24 hours of incubation (Fig. 3). This incrcn.scd 
inRNA level was accompanied by a .signiflcaiiily enhanced 
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FIG. 2. Amplification of ihyroid specific and interlcukin-rcccpior mRNA in ihyrocytes (1), SW 1736 (2), C 643 (3), HTh 
74 (4) and 8505 C (5) cells using RT-PCR; M, = 100-bp ladder (GIBCO). 



MMP-1 secretion after 48 hours. Funhermorc, IL-la in- 
creased MMP-l mRNA c^cpression in thyrocytes up to 
seven times after 6 hours, but no lVlAIP-1 protein could be 
detected in ihyrocyte cultures. IL-1 had no stimulatory ef- 
fect on MMP-l mRNA expression in C 643, HTh 74, and 
8505 C cells after 24 hours, although a significant increase 
of MMP-j secretion was found in HTh~74 and SW 1736 
cells after 48 hours of incubation (Fig. 5). This discrepancy 
may be explained by a possible increase in MMP- 1 mRNA 
level after 24 hours. of stimulation. The same effect could 
also be observed in the lL-1 stimulated TJMP-1 at the 
mRNA as well as the protein level: the only slight effect 
of IL-1 on TlMP-l mRNA expression in carcinoma cell 
lines after 24 hours was accompanied by a significant in- 
crease of T1MP-1 secretion in 8505 C and HTh 74 cells 
after 48 hours (Figs. 4 and 6). 

Effects ofTNf-a on both MMP-imMP-) rnRNA 
and protein expression 

In contrast to TTMF-a did not stimulate the MMP- 

1 and TIMP-] mRNA and protein levels in all carcinoma 
cell lines and ihyrocytes. Only thyroid-derived fibroblasts 
responded with a slight upregulation of MMP- 1 and TIMP 
1 mRNA expicssion afier TNF-o stimulation, which was 
not accompanied by an increase of MMP-l and "FIMP i 
secretion. 



Effects of FMA, and lEN-y on MMP-l and TlMP-l 
mRNA and protein expression 

PMA was included in our study as a positive control 
because it is known to upregulatc or induce both MMP- 
1 and TIMP-1 secretion in various cell types (1,32). In- 
deed, PMA was able to induce or enhance MMP-l 
rnRNA levels in all cell types investigated, although the 
detected levels varied to a large extent (Fig. 3). This re- , 
suit is in good correlation with the significantly increased 
MMP-l protein levels that were already detectable after 
24 hours of stimulation (Fig. 5). PMA upregulatcd TIMP- 

1 mRNA levels by up to 20 times in C 643, and up to 

2 limes in SW 1736 and HTh 74 cells, fibroblasts and 
ihyrocytes, but it did not change the TIMP-1 mRNA con- 
tent m 8505 cells (Fig. 4). At the proiein level, we found 
a significant stimulation of TlMP-l secretion in C 643 
and HTh 74 cells, as well as in ihyroid-derived fibrob- 
lasts (Fig. 6). 

In contrast to PMA, IFN-y was without effect on stim- 
iilaiion or downregulaiion of MMP-l andTlMP-1 mRNA 
or protein in anv of the cell types investigated (Figs 5 and 

6). 

The main inhibdor of MMP-l isllMP-l, which forms 
1:1 sToichlonietnc complexes with MMP- 1 , although some 
other inhibitofs can also bind MMP-l. On the other hand, 
TIMP- 1 can bind other \IMP types. 
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FIG. 3: Reprcscnrarive samples of competitive ampli/lcd MMP- J mRNA of ihyrocyics, rhyroid-dcrived fibroblasts and thy- 
roid carcinoma cell lines without siimuJation (control) and after stimulation with 10 U/mL IHa and 100 U/mL TNF-a and 
10 ng/mL PMA after 24 hours. Serial dilutions of known amounts of the competitor fragment were coamplificd with identi- 
cal aliquots of cDNA.Thc 560-bp (cDNA) and 478-bp {competitor) PGR products were visualized by agarose gel electrophoresis 
and ethidiumbromide staining. The relative concentration of the added competitor was given in arbitrary units (AU) in the 
figure. One AU was defined as the lowest concentration of the competitor yielding a detectable amplification for MiMP-1 
mRNA. The ratio of competitor to cDNA fragmenis was determined by measuring the intensity of eihidium fluorescence with 
a CCD image sensor and analysis of data. Measured cDNA conceniraiion can expressed in AU. 



DISCUSSION 

Our findings demonstrate for (he first lime that thyroid 
carcinoma cell lines ate able to express JVlMP-1 and IIMP- 
1 mRNA and proreln at significant levels in viiro. The ob- 
servation oi spontaneous release of MMP-1 and TIMP-I 
corresponds well with earlier studies covering ibe secretion 
of these proteins by several carcinoma cell lines (33,34). 

However^ in contrast to its clear physiological ^u^ct^on 
in e:xtr3cellular matrix breakdown, the role of MMP-J in 
tumor growih and metastases is still coniroversi:)! 
(?-ll,33). Recently, Mujray ct al. (10) defnonstr:»rcd rhni 
MMP- 1 is associated with poor prognosis in colorectal can- 
cer, and has a prognostic value independent ol the Dukes 
stage. Therefore, MMP-j could be a target lor iherapeu- 
lic intervention in such lurnors. F\niberrnore, the liypoil)- 
fsis ol w bet her or not cancer cells themselves rjrr able to 



produce \LV1P^ or whether cancer cells stimulate the sur- 
rounding stromal cells lo secrete MMP in vivo, is disputed. 
MMP- 1 mRNA and protein were detected by both in situ 
hybridization and immunohisiochemistry in stromal as 
well as tumor cells of head, neck, gastric, colorectal, and 
mammary carcinomas (9,10,36,37). In contrast, 
Karncyama ()2) demonstrated by in situ hybridization that 
the MMP-l mRNA was not expressed in the cancer cells 
but in the surrounding /ibrous capsules of strongly differ- 
ent iaicd papillary thyroid carcinoma tissue. Highly differ- 
crniaietl foUicuhr carcinomas and follicular adenomas 
were depleted for MMP- I transcripts. Undifferentiated fol- 
licular y, papillary, and aj^ressive anaplastic carcinomas 
that :,howed poor prognosis and strong tumor invasive and 
metastatic potetuial and that can be compared in ihcir 
morphological, genetic and growth features with undiffer- 
rniiated thvrotd caictnoma cell lines were not included this 
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FIG. 4. Competitive TiiMP-1 mRNA RT-PCR yielding a 351-bp (cDNA) and a 274-bp (compciitor) PCR product. For fur- 
ther detaiJs sec Figure 3. 



siudy. However, the missing expression of MMP-1 by nor- 
mal ihyrocytcs and the spontaneous secretion of this pro- 
tein by highly maJignant thyroid carcinoma cell lines, as 
demonstrated in our study, indicate the involvement of 
MiVJP-1 secretion of transformed ihyrocytes in aggressive 
thyroid tumors. 

Although all cell lines analyzed in our study sponta- 
neously secreted MMP-], we observed marked differences 
in the basal secretion capacity. The highest MMP-1 levels 
were determined in "cultures of 8505 C cells. Only 8505 C 
cells expressed TPO and Tg mRNA that may be put dovi^n 
to residual differentiated components in the cell line (sec 
Materiafs), Flovirever, none of the analyzed cell lines ex- 
pressed TSH-R mRNA. The cell population doubling times 
were less than 40 hours. All cell lines had accumulations 
of multiple genetic events. These facts indicate the undif- 
ferentiated pathology of the studied lines. It is well known 
that anaplastic carcinoma cell lines well retain the malig- 
nant charactcritics of their parental tumors OS-^'IO). 

Furthermore, we found a distorted pioportion hcnveen 
MMP-1 and TIMP-1 mRN/Vprotein for carcinoma cell 
lines but not for normal thyroid-derived fibroblasts. The 
most disadvantageous constellation between MMP-1 and 
llMP-l was found in 8505 C cells. Similar to other stud- 
ies (41), these rcsutis sugj^esi the Inffuencc of an altered 
MMPniMP relation on tumor progiession. However, it 



should be mentioned that most studies, including the pre- 
sent one, do not take into consideration that a number of 
inhibitors distinct from TlMP-1 may regulate MhiV-J ac- 
tivity. Taking into account that the balance of active en- 
zyme and TlMP-l concentration strongly influence the ex- 
tent of local matrix degradation, a number of studies 
showed unexpeacdly high levels of TIMP-1 in malignant 
neoplasms {^,42,43). There is a great discussion as to 
whether the overall expression of MMP-1 and TIMP-J or 
the amount of noncomplexed MMP-1 could l>c critical in 
aggressive tumor development. This fact underlines the na- 
ture of tissue breakdown, reflecting the complicated net- 
work of selective and coordinated production of individ- 
ual proteinases and inhibitors under normal and 
pathophysiological conditions. Thus, the invasive and 
metastatic potential of thyroid tumors depends on the lo- 
cal net level of active MMPs. 

The synthesis of MMP-1 and TlMP-1 is influenced by a 
variety of biochemical stimuh. The recent findings on 
MMP-J and Tl.VIP-1 gene promoters are useful in under- 
standmg the complex mechanisms implied in the regula- 
tion of MMP synthesis modulated by cytokines ar\d tumor 
promoters (34,44,45). The promoter regions contain ru- 
mor promoter responsive elements (TRE) and bmding mo- 
tifs lor the irrHiscriptlon factor PEA-3, which are recog- 
nized by pi oio- oncogenic transcription factors, such as the 
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FIG. 7. Comparison between (i) frcc/compIex and (ii) TIMP- 
1 complexcd MMP-1 levels, and (iii) TIMP-1 levels in super- 
narants of unstimulated 8505 C and HTh 74 ceils, and. thy- 
roid-derived fibroblasts after 24 hours using a (i) MMP-1 
ELISA thar recognizes total MMP-l (sec Figure 5). The (ii) 
MMP-l/TIMP-1 assay recognizes MMP-imiVIP-l complexes, 
ie, activated MMP-1 that has subsequently been complexcd 
With the specific MMP inhibiior TIMP-l. The (iii) TlMP-1 
ELISA recognizes total TIM P-], ie, free TlMP-1 and that com- 
plexcd with MMPs. 



fos and jun family (45-47). lL-3; TNF-a, and PMA up- 
regulaie proto-oncogenes like fos and jun, resultir)g in the 
stimulation of MMP-1 and TIMP-1 (45,48). The action of 
the cytokines is mediated by their specific receptors. In our 
study, JL-IR (type I and type 11), TNF-aR .(p75 and p55) 
and IFN-yR mRNAs were demonstrated in all investigated 
cell types. PMA and lL-1 were shown to elevate MMP-l 
and TIMP-1 in nearly all cell types investigated, thus con- 
firming the results of several studies on other epithelial cells 
(reviewed in refs. J, 7,4 9). Jn 'the majoriry of experiments, 
we found a concordant expression of MMP- J and TIMP- 
I after stimulation, possibly achieved by the coordinated 
actions of the nuclear transcription factors, ah hough MJVIP- 
1 and TIMP-1 expression can also be independcndy or even 
reciprocally regulated (1). The effect of IWa was not as 
distinct as in the case of PMA and lL-7, although several 
investigators found a pronounced effect of TNF-o particu- 
larly on TIMP-] secretion (4,34). Jn contrast to studies per- 
formed with other cell types (863,864,819), IFN-y did not 
influence MMP-l and TIMP-1 expression in thyroid carci- 
noma cell lines. In summary, ihe involvement of ihe in- 
ifathyroidal physiological and pathological cytokine mi- 
croenvironment in (he regulation of MMP-l and TIMP-I 
mducDOn activation and inhibition is strongly snggesied. 

Funherrnorc, the data demonsrraie that regular human 
thyrocytes did nor produce MMP-3, even after powerfui 
stimulation wiih PMA. Investigating other mammalian cp- 
xhelial ctflls, only one Mudy rcvcnicd ihc production of 



MMP-l by rabbit corneal cells (21). It is yet not clear 
whether the MMP-l mRNA deteacd in thyroqics is due 
to a low level of constitutive transcription of the MMP-l 
gene {illegitimate transcription), an existing pool of stable 
MMP-l mRNA, or m vitro induction of MMP-l mRNA. 
But it seems more likely (hat residual fibroblasts contained 
in the purified thyrocyte preparation (<0-2%) arc respon- 
sible for the slightly positive RT-PCR results. Another ex- 
planation could be that thyrocytes arc indeed MMP-l pro- 
ducers, but the ELISA detection system used was nor 
sensitive enough to measure extremely low MMP-l secre- 
tion levels. Furthermore, the discrepancy between elevated 
TIMP-1 mRNA levels pf thyrocytes and the extremely low 
TlMP-1 protein secretion by these cells is difficult to ex- 
plaiii. Posi-transcriptional regulatory events may be re- 
sponsible for this confounding result. 

Taken together, the present study suggests that the in- 
trathyroidal cytokine microenvironment is involved in the 
regulation of MMP-l and its inhibitor TIMP-1 in the thy- 
roid, and that both proteins may be secreted by dediffer- 
entiated thyroid carcinoma cells and involved in aggressive 
thyroid tumors in vivo. 
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Expression of embryouic fibroiiectiii isoform EHIA parallels alpha-siiiooUi 
muscle actLa in maturing and diseased kidney, 

Barnes VL . Musa J , Mitchell RJ , Barnes JT.. . 

Department of Medicine, Division of Neplirology, University of Texas Health ScieJice 
Center, San Antonio, Texas, USA. 

In this study we examined if an association exists between expression of an alternatively 
spUced "embryonic" fibronectin isofonn EIIFA (Fn-EIIIA) and alpha-smooth muscle 
actin (alpha-SMA) in the maturing and adult rat kidney and in two unrelated models of 
glomerular disease, passive accelerated anti-glomemlar basement membrane (GBIVO 
nephritis and Habu venom (HV)-induced proliferative glomerulonepliritis, using 
immunohistochemistry and in situ hybridization. Fn-EIILA and alpha-SMA proteins were 
abundantly expressed in mesangium and. in peri glomerular and peritubular. interstiti urn of 
20-day embryom'c and 7-day (D-7) postnatal kidneys in regions of Uibule and glomerular 
development Staining was markedly reduced in these structures in maturing juvenile (D- 
14) kidney and was largely lost in adult kidney. Expression of Fn-ErilA and alpha-SMA 
was reinitiated in the mesangium m\6 the periglomerular and peritubular interstitium in 
both models and was also observed in glomerular crescents in anti-GBM nephritis. 
Increased expression of Fn-EIIIA mKNA by in situ hybridization coiresponded to the 
localization of protein staining. Dual labeling experiments verified co-Iocalization of Fn- 
ERIA and alpha-SMA, showing a strong correlation of staining between location and 
staijiing intensity during kidney development, maturation, and disease. Expression of 
EIIIA mRNA corresponded to protein expression in developing and diseased kidneys and 
was lost in adult kidney. These studies show a recapitulation of the co-expression of Fii- 
EIIIA and alpha-SMA in anti-GBM disease and suggest a functional link for these two 
proteins. 
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BMI-l geue ainplificatioo and ovcrexpressiou in hematological 
malignancies occur mainly in mantle cell lymphomas. 

Bca_S , Tort F, Pinyot M . PuigJC, Hernandez L , Hernandez Fernandez PL. van 
Lohuizen Colomer D, Cainpo E . 

The Henaatopathology Section, Laboratory of Ajiatomic Pathology, Hospital Clinic, 
histitut d'hivestigacions Biomediques August Pi i Sunyer.(IDIBAPS), Umversity of 
Barcelona, Spain. 

The BMI-1 gene is a putative oncogene belonging to the Polycomb group family tiiat 
cooperates with c-myc in the generation of mouse lymphomas and seems to participate in 
cell cycle regulation and senescence by acting as a transcriptional repressor of the 
rKIC4a/ARF locus. The BMf-1 gene has been located on chromosome I Op 13, a region 
involved in chromosomal translocations in infant leukemias, and amplified in occasional 
non-Hodgkin's lymphomas (Nl-fLs) and solid tumors. To deteniiine the possible 
alterations of this gene in human malignancies, we have examined 1 60 
lymphoproliferative disorders, 13 myeloid leukemias, and 89 carcinomas by Southern 
blot analysis and detected BMH gene amplification (3- to 7-fold) m 4 of 36 (1 1%) 
mantle cell lymphomas (MCLs) with no alterations in tlie FNMa/ARF locus. BMM and 
pl6rNK4a mllNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Wcstem blot, respectively, in a subset of NHLs. BMI-1 
expression was significantly iiigher in cluonic lymphocytic leukemia and MCL than in 
follicular lymphoma and large B cell lymphoma. The four tumors with gene 
amplification showed significantly higher mRNA levels than other MCLs and NHLs with 
the BMI-l gene in germline configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between BMI-l mRNA 
levels and protein expression was observed in all types of lymphomas. No relationship 
was detected between BMI-1 and pl61NK4a mRNA levels. These findings suggest that 
BMl-l gene alterations in human neoplasms are uncommon, but they may contribute to 
tlie pathogenesis in a subset of malignant lymphomas, particularly of mantle cell tyj^e. 
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BMJ-1 Gene Amplification and Overexpression in Hematological Malignancies 
Occur Mainly in Mantle Cell Lymphomas^ 

Silvia Bea, Prederic Tort, Magda Pinyo), Xayier Puig, Luis Hernandez, Silvia Hernandez, Pedro L. Fernandez, 
Maarten van Lohuizen, Dolors CoIomer,'and Elias Campo^ . 

The Nemotopothohgy Section, Laboratory - of Anatomic Pathology. Hospital Clime, Jnslitut d'lnvestigaciorti Biomcdiques "August Pi i Sunyer" (JDIBAFS) University of 
Barcelona, 08036 Barcelona. Spain /S. 5.. E T., M. P., X P., L H., & P. L F., D. C. E CJ, and Diyision of Molecular Carcinogenesis. The Netherlands Cancer Institute 
' 1066 ax Amsterdam. Netherlands [^^.v.L) ' ' ■ . ' 



Abslract 

■ The BAfJ-J gene is a putative oncogene belonging to the PoJj'Comb 
groop family that cooperates with c~myc in the generation of mouse 
lymphomas and seems to participate in cell cycle regulation and senes- 
cence by acting as a transcriptional repressor of tht JNK4a/ABJ^ locaa,. 
The BMJ'J gene has been located on chromosome )0p)3, a region involved 
in cbromosoma) translocations in infant leukemias, and ampliHed in. 
occasional non-Modgkin's lymphomas (NHLs) and solid tumors. To de- 
termine the possible alterations of , this gene in human malignancies, we 
bave examined 160 lympboproliferalivc disorders, 13. myeloid leukcmias, 
and 89 carcinomas by Southern blot analysis and detected BMJ-J gene 
Dmpiification (3- to 7-fold) in 4 of 36 (11%) mantle cell lymphomas 
(MCI>s) with no alterations in the }NK4a/ARF locus. BMI-J and pU*'^*"'"* 
mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western bIot» respectively, in a subset of 
jyWLs. BMJ-I expression was signir>rantly higher in chronic lymphocytic 
leukemia and MCL than in follicular lymphoma and large B eel) lym- 
phoma. The four tumors with gene amplification showed significantly 
. higher mJRNA levels than other MCLs and NHLs with Xht BMJ-] gene in 
germ line configuration. Five additional MCLs also showed very high 
mRNA levels nilhont gene amplification. A good correlation between 
BMJ-1 mRNA levels and protein impression was observed in al) types of 
lymphomas. No relationship was detected between BMI-1 and pl6*'^'*^'''* 
mRNA levels. These findings suggest thai BMJ-J gene alterations in 
human neoplasms are uncommon, but they may contribute to the patho- 
genesis in a subset of malignant lymphomas, particularly of mantle cell 



INK4a/ARF locus by acling as an upstream negative regulator of 
p,gmK43 pJ4/pI9^'^'' gerie e;tpress)on (5). The human BMI-J 
gene has been mapped to chromosome I Op 13 (6), a region inyoJvcd.in 
chromosomal translocations in infant leukemias (7) and rearrange- 
ments in malignant T cell lymphomas (8, 9). More recently, high-level 
DNA amplifications of this region have been found by comparative 
genomic hybridization in NHLs and solid tumors (10, 11). However,, 
the possible implication of the BMI-J gene in these alterations and its 
role in the pathogenesis of human tumors is not known. The aim of 
this study was to analyze- the possible^jW-y gene alterations, and 
expression in a large series of human neoplasms and to deteimine the ' 
relationship with INK4a/ARF locus aberrations. 

Materials and Methods 



Jnlroduction 

The BMJ-}^ gene is a putative oncogene of the Polycomb group 
originally identified by retiovirai insertional mutagenesis in E^i-c- 
myc transgenic mice infected wilh the Moloney murine leukemia 
vims (1, 2). These animals had a rapid development of pre-B cell 
lymphomas showinc frequent provira) insertions near the BMJ-I gene. 
This integration resulted in BMM ovcrexpression suggesting a coop- 
erative effect between OMYC Tind BMI-I genes in the development of 
these niniors (3, 'I). Recent studies have indicated that the BMI-J gene 
may also participate in cell cycle control and senescence through the 
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Case Selection. A series of 262 human tumors, including 173 bematoJog- 
ical malignancies and 89 carcinomas (Table 1), matched normal tissues from 
all carcinomas, J I samples of normal peripheral mononuclear cells, and 5 
reactive lymph nodes and tonsils, were selected based on the availability of 
frozen samples- for molecular analysis. 

J)NA Extraction and Southern Blot Analysis. Genomic DNA was ob- 
tained using Proteinase ICRNase treatment. 15 /xg were digested with EcoR] 
and //mdlll restriction enzymes (Life Technologies, Inc., Gaiihersburg, MD), 
for Southern blot analysis and hybridized with a I.5-kb Pst] fragment of the 
partial ^A/y-/ cDNA (6). 

JRNA E,\traction and Real-time Quanlilativt KT-PCK. Total RNA was 
obtained from 67 lymphoid neoplasms (10 CLLs, 27 MCLs, 8 FLs, ai>d 22 
LCLs) using guanidine/isothiocyanate extraction and cesium/chloride gradient 
ccnfrifugation. One ;ig of total RNA was transcribed into cDNA using 
MMLV- reverse transcriptase (Life Technologies, Inc.) and random hexamers, 
following manufacnirer's directions. Sequences of.ihc BMJ-J and the pJ6 
de led ion probes and primers were designed using rhe Primer Express program 
(Applied Biosystems, Foster Ciiy) as follows: BMI-J sense. 5'-CTCGTTGCr 
CCATrGACACC-3'; BMI-J antisense, 5'-CAGAAAATGAATGCGAG- 
CCA-3': pJ6 sense, 5'-CAACGCACCCAATAGTTACCG-3'; pJ6 antisense. 
5'-AAClTCGTCCTCCAGAGTCGC-3'- The probes BMI-J, 5'-CAGCTC- 
CCTTCAAGATGGCCG03', and pJ6; 5'-CGGAGCCCGA TCCAGGTGG- 
GTA-3', were labeled with 6-carboxy-fluore5Ccin as the tcponcr ilyc. The 
TaqMan-GAPDH Control Reagents (Applied Biosysrcnts) were used lo arn- 
plify and deirci the C/lPDJl gene, as recommended by the marmfaciiircr. The 
(luanlitarive. assay amplified I ;iml of cDNA in two lo fovn icplicates using the 
primers and prt^bes described above and the standard masii-r mix (Applied 
Biosy.sterns). All reactions were performed in an ABI PRISM 7700 Sequence 
Deiecior System (Applied Biosy sterns). GAPDIL BMM, and plb"^*^""* ex- 
pression was related lo a standard curve derived front .icrial dilutions of Raj i 
cONA. The RUs of BMl-I and plO"^"* expression were defmed as the 
mRNA levels of these genes nonnalized to the GADPH expression level in 
each case. 

Protein An:»ly!.i.v Wholc-cell protein extracts were obtainod frorn addi- 
tional frozen tissue available in 31 case.t (7 CLLs. 12 MCLs, 8 Fl.s, and -I 
LCLs), loaded omo a 10% SDS polyactybmide gel, .-.►•kI *ihxuiA^)\Mf:A to y 
nitrocellulose ineriibrane (Amcrshani). Blocked mernbiain-.s wcic irtcubaied 
st-queDtiaMy with thir tnonuclonal :unit>ody BMI-fd (12), :tnti!tt(>ii.se eonju- 
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Tabic I Hematological malignancies and solid tumor samples analyzed for BMI- 1 
gene oJterotions 



Tissue samples 


No. of cases 


Hematological malignancies 




Modgkin's disease 


2 


B cell lymphopioliferahvc disorders 




B-Acufc lyrophoblaslic leukemia 


14 


CLL 


29 


Hairy cell leukemia 


4 


FL 


15 


MCL 


36 


LCL 


40 


T cell lyniphoprolifcrattve disorders 




T-Acutc lymphoblastic leukemia 


8 


Large granular cell leukemia 


4 


Peripheral T-cell lymphoma 


8 


Myeloproliferative disorders 




Acute myeloid leukemia 


^7 


Chronic myeloid leukemia 




Solid tumors 




Colon carcinoma 


26 


Breast carcinoma 


29 


Lar)'ngcal squamous cell carcinoma 


34' 


Total 


262 



gated lo horseradish peroxidase (Amcrsbam), and delected by enhanced chemi- 
lumincscence (Amersham) according to the manufacturer's recommendations. 

Statistics) Analysis. Because of the Don-nonnaJ distribution of the samples 
and the small. size of some subsets of tumors, the statistical evaluation was 
perfofTTied using nonpar ame trie tests (SPSS, version 9.0). Comparison between 
mRNA expression levels in the different groups of NHLs was performed using 
the Kruskal-Wallis Test, with a P for significance set ai 0.05. For differences 
between particular groups, the conservative Bonfcrroni procedure was per- 
fonned, and the P was set at 0.005. The remaining statistical analyses were 
carried out using the Mann-Wbitney nonparamefric U test (significance, P 
<0.05). The comparison between BMl-I and pie'^"*' quantitative mRMA 
levels was also performed using the Pearson's correlation coefficient. 

Results 

. BMI'l Gene Aniplincntion. The BMJ-} gene was axainined by 
Southern biot in a large series of human tumors and normal samples 
(Table I). The cDNA probe used in the study detected three froRI 
fragments of 7.3, 3:8, and 2.6 kb and three Hmd\\\ fragments of 6.2, 
4, and 3.5 kb. BMI-J gene amplifjcalion (3- to 7- fold) was detected in 
4 of 36 (1 J%) MCLs (Fig; I). The amplifjcations were confirmed with 
both restriction enzymes. The amplified MCLs were two bJastoid and 
two typical variants. No amplifications were observed in any of the 
solid tumors when compared with their respective matched non- 
neoplastic mucosa. No BMI-J gene rearrangements were observed in 
any of the samples e>Lamined. 

BIVD-J mRNA Expression. To determine the BMJ-1 expression 
patlern in NHL we analyzed DMl-l mRNA levels by rcal-tirne quan- 
titative R f-PCR in 67 lymphomas ( 1 0 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs), including the four tumors with gene amplification. A distinct 
BM)- 1 niRNA e;tpressioh pattern was obseiA^cd in the different t>'pes 
of lymphomas (Fig. 2; Kruskal- Wallis Test; P < 0.001). The BMI 
mRNA levels in CLLs (mean, 2.2 RU; SD, 1.3) and MCLs with no 
BMJ'J gene amplification (mean, 2.5 RU; SD, 2.3) were significantly 
higher than in FLs (mean, 0.9 RU; SD, 0.8) and LCLs (mean. 0.6 RL); 
SD, 0.4; Mann-WIiitney nonparametric U test; P < 0.01). The 4 
MCUs with BMJ-I gene amplification showed significantly higher 
levels of e;(piess)On than all other groups of tumors (mean, 5.1 RU; 
SD, 1.6; P < 0.005). )n addition, five typical MCLs with no structuial 
altciations of the gene also showed very high levels of BML I mRNA 
expression ran-ing fiom 4 to 9.8 RU, similar to ca.scs with gene 
amplification (Fiy. Z-i). 

HJMl I Prott'in iivprcssion. BMM protein expitssion was exam- 
ined by W(-;ieri. blot in 31 turnois (7 CLLs; 12 MCLs, including two 
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cases v«th BMJ'} gene amplification and 4 cases with mRNA over- 
expression and no structural alteration of the gene; 8 FLs, and 4 LCLs) 
in which additional frozen tissue was available. The monoclonal 
antibody against BMM detected three closely migrating proteins of 
45,000-48,000 (2). The two more slowly migrating bands prob- 
ably represent phosphorylated isofonns of the protein (12). The two 
MCXs wid) gene amplification and three of four cases with mRNA 
overexpression without amplification of the gene showed very high 
levels of protein expression. The remaining MCLs and CLLs showed . 
intermediate levels of protein expression, whereas low- or no-exprcs- 
sion signals were delected in the LCLs and FLs included in the study 
(Fig. 3). These results indicate that BM]-J protein expression in N}lh 
is concordant with the mRNA levels observed by reaMime quantita- 
tive RT-PCR. 

Hcbltonship bclwecn BMI- J and pl6"^'** Gene Alterations. 

The INK4a/ARF locus has been recently identified as a downstream 
target of the transcriptional repressing activity of the BMI-1 gene, 
suggesting that this gene may contribute to humajj neoplasias with 
wild type INK4/ARF [5). Most of the lympboproliferative disorders 
analyzed in the present study, including the four cases with BW-J 
gene amplification, had been previously examined for p53 gene mu- 
tations and JNK4a/ARF locus aJlerations, including gene deletions, 
mutations, hypenneihylation, and expression (13, 14). The four MCLs 
with BMJ-J gene amplification and mRNA overexpression and the. 
five tumors, with BM)-i mRNA overexpression with no structural 
alterations of the gene showed a wild- type configuration of the 
INK4a/ARF locus (13). However, one case vAxh BW-J gene ampli- 
fication and one case with niRNA overexpression with no alteration of 
the gene showed p53 gene mutations associated with allelic deletions. 

To determine the possible relationship between Blvii-J and 
pj^iNK^, mRNA expression, pi 6^^*^"=* mRNA levels were evaluated 
by real-time quant ilaiive RT-PCR in 50 tumors (10 CLLs, 27 MCL.S, 
and 13 LCLs), including 6 cases with alterations in the IhlK4a/ARF 
locus (2 MCLs and 1 LCL with p/d*^^' gene deletion, 2 LCLs with 
p]6 promoter hypermethylalion, and J CLL with ^76*''^'^'''' gene 
mutation), and the 4 lymphomas with BMhl amplification. Negative 
or negligible levels of pi 6*^*^'*=* were observed in (he 6 tumors with 
!NK4a/ARF locus alterations. These cases were not included in the 
comparisons between BMM and pi 6"^'^*'=' mRNA expression. The 
pl^jNK4, e^pfejjjon levels were relatively similar in the different 
types of tumors. C)nly LCLs tended to have lower levels of expression, 
but the differences did not reach statistical significance (Fig. IB), No 
differences were observed in the pi 6"^^'"' mRNA levels between 
himors with BMI-I gene amplification and overexpression and lym- 
phomas with germline configumiion of the gene. 




Fig. I. Souihcm bloi orijly.sli of 5.1 /A 7 yxne. Font MCt„s {AfCi *) showttl RM}. I iji-nc 
airtplilkaitoii (3- fo 7-futif) tompjn d w ith tuni-ftt;oj>ia<.iic lissuo \N) ami other YixW.s. No 
amptiJicalions oi ecnc icanDn^'cmoiiv were tkicttrd In tfir irnciininp NHLs and rairi- 
nonijs incluitcrj in ihc jtwdv. 
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Fig. 2. A, quantitative DM I- 1 mRNA transciipl analysis (median and range) using 
reaJ-time RT-PCR in a series of NHLs. MCLs with BMJ-) gene amplification {AfCL*) 
revealed significantly higher overall BMl-I mRNA levels ihan a!l other types of NHLs, 
including MCLs with no structural alterations of the gene (P < 0.005). MCLs and CLLs 
expressed significantly higher levels than FLs and LCLs {/* < O.OD]). Results arc depicted 
as the ratio of absolute BMM.GADPH mRNA rranscript numbers (RUX Bars, SD. 5, 
quantitative pi 6"^*''** mRNA transcript analysis (nrtettian and range) using real-time 
RT-PCR in a series of NHLs. Expiession levels wcic relatively similar in the dirTcrenl 
t>pcs of rumors. Results arc depicted as the ratio of abioJuie pl6"^'''''';GADPH mRNA 
transcript numbers (RU). Bars, SD. 



DtsrussiDii 

]n the preseni study, we have examined a large series of human 
tUTDOrs for ihe presence of gene aJteiations and mRMA expression of 
the BMJ-1 gene. Gene ampli ft cation was ideniified in four MCLs. 
These tumors showed significanily higher levels of mRNA and pro- 
tein expression compared with other lymphonnas wilh BMi-J in germ- 
line configuration. BMI-} expression Icve)s were also highly np- 
regulated in a stibset of MCLs with no apparent structural alterations 
of Ihe gene. No alterations were detected in any of the different t}'pes 
of carcinomas inchided in the study. BM]-} is considered an oncogene 
belonging (o the PoJycomb group family of genes. These proteins 
mainly act as transcriptional legulatois, contiollitjg speciftc target 
genes involved in development, cell differentiation, proliferation, and 
senescence. OiiTerent studies have shown the implication of BMI- 1 
overexpicssion in the development of lymphomas in murine and 
feline anitiial models (3, -1). The findings «>1 thtf picserti study iiulicalc 
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for the first lime that BM1-] gene alleralions in human neojplasnns are 
an uncommon phenomenon, but ihey seem to occur mainly in a subset 
of NHLs, particularly of mantle cell type. 

The human BMi-I gene has been mapped to chromosome I Op 1 3. 
High-level DNA amplifications and gains in this region have been 
identified by comparative genomic hybridization in occasional solid 
tumors and NHLs (10, 11). Different chromosomal translocations 
involving the I0pl3 region have also been identified in infant leukc- 
mias and T cell lymphoproliferative disorders (7, 8, 15). Most acute 
leukemias with this chromosomal alteration occur in children <I2 
months of age, whereas it seems to be extremely rare in adults. lOp 
translocations in T-cell lyinphoproliferative disorders have been ob- 
served mainly in adult T cell leuJcemia/lymphomas and occasional- 
cutaneous T cell lymphomas. In our study, we did not observe BMi-i 
. rearrangements or amplifications in any of the acute leukemias or T 
cell lymphomas. However, all of the acute leukemias in this study 
were diagnosed in patients over 1 6 years, and no adult T cell leuke- 
mia/lymphomas or cutaneous lymphomas could be included in the 
series. Similarly, high-level DNA amplifications at the 10pl3 region 
have been detected in head and neck carcinomas and other solid 
tumors. Although we found no. evidence for BMI-J gene rearrange- 
ments or amplifications in a substantial set of carcinomas, this does 
not exclude the possibility of increased gene expression or protein 
levels in these tumors. Additional studies are required to elucidate the 
possible involvement of BMI-J in these particular groups of hnnian 
neoplasms. 

In human hematopoietic cells, BMI- 1 is preferentially expressed in 
primitive CD34+ bone marrow cells, whereas it is negative or very 
low in more mature CD34- cells (16). In peripheral lymphocytes, and 
parliculariy in follicular B cells, BMl-1 protein expression has been 
delected in resting cells of the mantle zone, whereas it is down- 
regulated in proliferiJting germinal center cells (17, 1 8). These obser- 
vations indicate that BMI-1 expression in normal hematopoietic cells 
is tightly regulated in relation with cell diflerenliation in bone marrow 
and antigen-specific response in peripheral lymphocytes. B1VI]-1 ex- 
pression in human tumors has not been examined previously. In this 
study, we have demonstrated that BMl-1 mRNA and protein expres- 
sion show a distinct pattern in different types of lymphomas. Thus, 
BML I levels were low in LCLs and FLs and significantly higher in 
MCLs and CLLs. These findings suggest ihat BMI-1 expression 
patterns in B cell lymphomas maintain in part the expression profile 
of their normal cell counterparls; because FLs and at least a subgroup 
of LCLs are considered lymphomas derived from follicular germinal 
center cells, whereas MCLs and CLLs are tumors mainly derived from . 
naive pregerminal center cells. However, the four MCLs with BMJ-J 
gene amphfication expressed significantly higher mRNA levels than 
all other tumors. In addition, five MCLs with no simclural alterations 
of.tbe gene showed high mRNA levels similar to (hose observed in 
tumors wilh BMI-J gene amplification, suggesting Ihat other mecha- 
nisms may be involved in up-regulation of the gene in these lympho- 
mas. Diffeicnt studies using animal models have shown a dose- 
dependent effect of BMI-1 gene expression on skeleton development 
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Fif. 3. Wtsitrn bJot aroiy.srs vi DMl-i proicin in NHL^. The 3ii»|>iirrcd MCL (nt)2i) 
.vhowcti ihr hight ii BMI- J piuitiii levels. whcrra.s oibci MCLs and CLLi had intrtmcdiaic 
Iricb nf c^prt■^^i(>n Very low lu n< y:>iiv».- i.ign;tl was ebb*.' PLtd in r'l„s ind l.CLi. 
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and lymphomagenesis (J. 3). These observations suggest that the high 
iTiRNA and protein levels detected in a subset of MCLs may play a 
role in the pathogenesis of these neoplasms. 

Recent studies have identified the JNK4/ARF \ocxis as a down- 
stream target of the BMI-J transcriptional repressor activity, suggest- 
ing that BMM overexpression may contribute to human neoplasias 
that retain the wiJd-type JNK4a/AKF \ocus (5). Interestingly, in our 
study, BMJ'J amplification and overexpression appeared in tumors 
with no alterations in p}6^^' and p J genes. However, we couJd 
not detect differences in the expression levels of p}6^^'^^ in tumors 
with arid without BMJ-J gene alterations. The reasons for this apparent 
discrepancy with experimental observations are not clear. One possi- 
bility may be that genes other than JNK4aMRFzTC the main targets of 
BMl- J repressor activity in these mmors. Particularly, difTerenl genes 
of the HOX family are regulated by BMl- J and may also be involved 
in lymphomagenesis (19, 20). 

In conclusion, the findings of this study indicate that Ml- J gene 
. expression is diflerentially regulated in B cell lymphomas. Alterations 
. of the gene seem lo be an uncommon phenomenon in human neo- 
plasms, but they may contribute tp the pathogenesis in. a subset of 
MCLs. Although, BMI-J gene alterations occurred in tumors with 
wild-type JNK4a/ARF locus, the possible cooperation between these 
genes and the oncogenic mechanisms of BMJ-1 in human neoplasms 
require additional analysis. 
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HiilopathoJogy Is insuffkient to predict disease progression and clinical outcome in lung adeno- 
carcinoma. Mere we show that gene-expression profiles based on microarray analysis can be 
used lo predict patieni survival in early-stage lung adenocarcinomas. Genes most related to sur- 
vival were identified with univariate Cox analysis. Using either two equivalent but independent 
training and testing'sets, or 'leave-one-out' cross-validation analysis with all tumors, a risk index 
based on the top 50 genes identified low-risk and high risk stage I lung adenocarcinomas, which 
differed significantly with respect to survival. This risk index was then validated using an inde- 
pendent sample of lung adenocarcinomas that predicted high- and low-risk groups. This index 
included genes not previously associated with survival. The identification of a set of genes that 
predict survival in early-stage lung adenocarcinoma allows delineation of a high-risk group that 
may benefit from adjuvant therapy. 



^ Lung cancel icmains the leading cause of cancer death in indus- 
2 trialized countries. Most patients with non-small cell lung can- 
S cer (NSCLC) present with advanced disease, and despite recent 
M advances in muJti-modalily therapy, the overall lO-year survival 
© rate remains a dismal 8-3 0%'. However, a significant minority of 
patients (-25-30%) with NSCLC have stage i disease and receive 
surgical intervention alone. Although 35-50% of patients with 
stage I disease ivill relapse within 5 yeais^"*, it is not currently 
possible to ideniily specific high-risk patients. 

Adenocarcinoma is currently the predominant histological 
subtype of NSCLC (rels. 1,5,6). Although moiphological assess- 
ment of lung carcinomas ran roughly stratify patients, there is a 
need to identify patients ai high risk loi rccunent or metastatic 
disease. Freopeialive variables that affect survival of patients 
with NSCLC Jiave been iilenti/icd'''". Turnor size, vascular inva- 
sion, poor dillcrentiation, high tumoi-proliferative index and 
several genetic alterations, including K-ras (lefs. 11 J2) and p53 
(refs. 10,13) mutations, have prognostic significance. Multiple 
independently asses.sei) K^'^f^^ gene products have also been 
investigated lo bottei prciticl patier-it prognosis in lung can- 
cer Technologies rbat sinjullaneously analyze the expression 
of thousands ot genes"' t art be used to correlate gene-expre.ssion 
patterns with numeroirs c linical painrneters — including patieni 
outcome — to better pie^liit tumor bchiivioj in individual pa- 
tients'". Analy:,es o/ lung c.^nr^•J^ using array technologies have 
identified subgroups ol tmnois fhat differ according to tumor 
type and hi.Mological .subclasses and, to a lesser e.xtent, survival 
among adenof arc inoina [;i:jtirnis''". Here we correlated gene- 
expression ptulih's with I iiniial outcome in a cohort oi patients 
with lung adenoi aicinoina arnt idenfihed specific genes iliat 



predict survival among patients with stage I disease. For hirther 
validation, we also show that the risk index predicted survival in 
an independent cohort of stage I hmg adenocarcinomas. 

Hierarchical profile clustering yields three tumor subsets 
Using oligonucleotide arrays, we generated gene-expression pro- 
files for 86 primary lung adenocarcinomas, including 67 stage I 
and 19 stage 111 tumors, as well as 10 nonneoplastic lung sam- 
ples. Selected sample replicates showed high correlation among 
coefficients and reliable reproducibility. We determined tran- 
script abundance using a custom algorithm and the data set ^vas 
tiir7imed of genes expressed at extremely low levels, ihal is, 
genes were excluded if the measure of Iheir 75th percentile value 
was less than lOO. Although potentially resulting in the loss of 
some information, trimming in this maimer deci eased the possi- 
bility that the clustering algorithm would be strongly influenced 
by genes with little or no expression in these samples. 
Hierarrhif al clustering with the resulting '1, 966 genes yieltled 3 
duslers of turnois (Fig. 1). All 10 non-nebplastic samples clus- 
tered tightly together within Cluster 1 (data not .shown). VVp ex- 
amined the relatiorrsfiips between cluster and patieni arut tumor 
char ai I eristics (Tig. 1 and Supplementary Figure A online). There 
were as.'.ociaiions between cluster and stage [P = 0.030) and be- 
tween clu.siei and differentiation [P= 0.01). Cluster ] contained 
ilje greatesi percentage (-12.8%) of well differentiated tumors, 
)i)lli>wed by Cluster 2 (27%) and Cluster 3 (-17%). Cluster 3 (on- 
lained the highest percentage ol both poorly dillereniiated 
|'J7. (.•,"..) anil Mage 111 tumors (42.8%), yet contained 3 tl').3%) 
modeiatcly ditftMentiated and 1 (5%) well dillcientialed .stage 1 
luinor. Notably. 1 1 stage 1 turnois were pieseni in Clusier 3, sng- 
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gesting a common gene-expression profile for 
this subset of stage I and stage HI tumors. . 

For patients with stage I and stage IJI tumors, 
the average ages were 68.1 and 64.5 years and 
the percentage of srhokers was 88.9% and 
89.5%, respectively. Marginally significant as- 
sociations between duster and smoking his- 
tory were observed (P - 0.06). A significant 
relationship between histopathological classifi- 
cation and cluster was only discernible for 
bronchioloalveolar adenocarcinomas (BAs), 
which were only present in Clusters 1 and 2 
(P = 0.0055) and comprised 35.7% and 12.3% 
of tumors for Clusters 3 and 2, respectively. 

We examined the heterogeneity in gene-ex- 
pjession profiles based on the trimmed data. set among normal 
lung samples and stage 1 and stage 111 adenocarcinomas by calcu- 
lating correlation coefficients between all pairs of samples. In 
contrast to normal lung samples that displayed highly similar 
gene- expression profiles (median correlation, 0.9), both stage 1 
and III lung tumors demonstrated much greater heterogeneity in 
their expression profiles with lower correlation coefficients (me- 
dian values, 0.82 and 0.79, respectively). 

Northern-blot and immunohislochemislry analyses 
Of the 4,966 genes examined, 967 differed significantly between 
stage I and III adenocarcinomas, a number in excess o( that ex- 
pected by chance alone (248 at alpha level (a) = 0.05). Three 
genes were arbitrarily selected to verify the microarray expression 
data. The mRNA from 20 of the normal lung and tumor samples 
tvas examined by norihern-blot hybridization with probes /or in- 
sulin-like growth lactor-binding protein 3 {iGFBP'S), cyslalin C 



Cluster I 



austere 



Ouster 3 



laiiiiiifn 




Fig. 1 IMsupervised classification analysis of lur>g adenocarcinomas. 3 classes of tumors identi- 
fied by aggloTTkerative hierarchical clu5terir>g of gene-expression profiles using the 4;966 expressed 
ger>es. Patient and histopathological information for each lung adenocarcinoma case by cluster 
designation and methods for K-ros 12/13th-codon mutational status and nuclear p53 protein acr 
cumulation are provided (Supplementary Figure A online). 7N classification denotes information 
regarding pattent tumor size and nodal involvement. Associations between cluster membership 
and patient or histopathological variables are indicated at significarKe level {P< 0.05). 



arid lactate dehydrogenase A {LDH A) (Fig. 2a). Two gene probes 
not represented on the microarrays were used as controls, includ- 
ing histone H4, a potential index of overall ceil proliferation, and 
28S ribosomal RNA, a control for sample loading and transfer. 
The relative amounts of JGFBP3, cyst at in C and LD//->t mRNA 
strongly correlated with microarray-based measurements (Fig. 
2b). In both assays, JGPBP3 and LDH A mRNA levels increased 
from stage I to stage III adenocarcinomas and were higher than 
those in normal lung. Cystatin C mRNA levels were more variable 
but relatively greater in normal lung than tumors. These results 
suggest that the oligonucleotide microarrays provided reliable 
measures of gene expressior). The tumors showed slightly greater 
histone H4 expression than the normal lung, likely reflecting in- 
creased proliferation of tumor cells. 

Immunohistochemistry was performed for JGFBP3, cystatin C 
and HSP-70 to determine whether mRNA overexpiession was le- 
flected by an inciease of their coiiesponding p)oteins in tumors. 



I6FBP3/28S 



IGFBP3 



HSP-70 



LDH/20S 



/ =0.86 



I iy. ? Vj)itJ:>tion aoalyjes ol gene-e>pK'5- 
vion pjoliling, «, Northern-blot analysis ot 
M'leclrd < Jintlidaie genes foi verilkalioir of 
c)a(a obtained ftom oligonucleotide ;>rfays. (Jcnfu-fn 
I tie ianic ; ample RNA loi the A uninvolved 
lung, 8 ^1age I and 8 ilage III ttjmon was 

Died lot \hv noMhpin-blol and oligonut leoiide arfay anatyies, 
/>, Conelaiion analysis of quaniitaiive data obtained horn oliyonticU otide 
aip.'<yi aruJ noilliein blob rnea.suied by integrated phoi|>l»oi irn.HK'r' haied 
llnnals tor tl.p }CfBP2 and IDH-A genes. Itte ralio ol ICIBP?, (vMatixi C 
and tOn^.A mRNA lo 7^3 fRNA wDi (ielcrniined. "I be relative value-, toi 
ea' b fjenc !ror)) eaib sample are sbown. non- riecplastt( iroirtial liiixj; 
t, -'tiine I itjn>ori; 3, i.t;ige III lumorj, r, I(r»mu(>otiistothfPp»ii al aoalyit.s ot 
IClt^t'-li, Uhf'-7V and cy^Iatln C in Inny and liing adnuH ai c n.or nu.v . 
C \ ^0| 't;»:fr1i^ ICI l'.P-3 Immunol eafUvity in a neoplaitii (jlarid (iiifucr t 7?) 
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Cystalin C 



Cystatin C 



vviib pior7>inent apit al jiaininy (blue leadani jiaininy, arrow, upper tell). 
Dittuie ( yioplavnic HSP-70 imnumoieat liviiy (iun-»or l?7), yet itroinal el- 
erner>is sbow no leot livity (upper ligbt). Normal luny parencbyrna ((owei 
lett) ihowi tytoplaiinrc cyitatin C irrirnunof eat livity ii> alveolar pneumo- 
{yicj (arrow) and intra- alveolai mat topba^rj but tumor (190) ^howi rjif- 
luie (yloplairriic tyitatin C rmniuriOf eaclivily wilb pfointrterU apical 
>t;>rpfcinf} (lower rigtil). Magr>ptpc aiion, >700 
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Jmmunoieactivity for both JGFBP-J and HSP-70 (fig. 2c) was de- 
tected in the cytoplasm of the adenocaicinomas, wiih httJe de- 
tectable reactivity in the itromal oi infJainjiiatory cells. Cyslattn 
C \va5 delected in alvcoJai pneumocytes and intra- alveolar 
macrophages in non-neoplastic lung parenchyma and also con- 
sisienily in the cytoplasm ot neoplastic colls. 

Cene-ejcpression proliles ptedict ^u^^iva^ 

As expected, Kaplan-Meier survival cmves (Tig. 3n) and log-ianl< 
tests indicated poorer suivival among stage III compared with 
stage I adenocaffinomas (P = < 0.0001). Tn-o statistical ap- 
proaches were used to dcteimine whethei gene-e?tpies5)on pio- 
liles could pi edict suivival using the data set oi 'J, 966 genes. In 
orte approach, equal nuuibeis ol randomly assigned stage I and 
stage IJI tumois constituted training {n =z .13) and testing (;r = 43) 
sets. In the training set, the top 10, 20, i>0 oi 76 j^enes were \ised 
to create risk indices thai wcie evaluated loi their association 
with survival using the 50th, 60th oi 70th peicentile cuioh 
points to rategoiize patimts into higli oi \ow gionps. The ies\dls 
w-eie simibi acioss cutoll points hut the .SO- gene risk index had 
the best overall association n-iih survival in the training set. 



Fig. 3 Cene-exprexsion profiles and patient survival, o. Relationship be- 
tween tumor stage and patient survival (stage 1 and stage 3 differ signifi- 
cantly, P< 0.0001). b. Relationship between the survival. in the 43 test 
samples and their risk assignments based on the 50-gene risk index esln 
mated In the 43 training samples. The high- and low-risk groups differ sig- 
nificantly {P - 0.024). €, Relationship between patient survival and the risk 
assignments in test samples (in b) conditional for tumor stage. The high- ■ 
and low-risk stage I groups differ significantly (P-O.OIB), whereas stage HI 
low- and high-risk groups did not (P=: 0.634). rf. Relationship between sur- 
vival in the test cases and their risk assignmenU based on the.86 leave-one- 
out' cross-validation of the .50-gene risk Index. The high- and low-risk 
groups differ significantly (P- 0.0006). e, Relationship between test case's 
risk assignment and survival (in d) conditional on tumor stage. The high- 
and low-risk stage I lung adenocarcinoma groups differ significantly from 
each other (P = 0.003), whereas low- and high-risk stage III tumors do not. 
f, Relationship between tumor class identified by hierarchical clustering and 
patient survival. Survival for patients in Cluster 3 dlKered relative to the tu- 
mors in Cluster 2 {P= 0.037) and approached significance for Cluster 1 and 
2 combined (P- 0.06). Analysis of the Michigan- based risk index using 
top cross-validated survival genes identify a low- and high-risk group in an 
independent cohort of 84 Massac husetu- based lung adenocarciriomas that 
are significantly different (P= 0.003). h, Among the 62 stage I lung adeno- 
carcinomas in the Massachusetts sample, the high- and low-risk groups dif- 
fered significantly (P= 0.006). 



After conservatively choosing the 60th percentile cutoff point 
from the training set, we then applied this risk index and cutoff 
point to the testing set. The risk index of the top 50 genes cor- 
rectly identified low- and high-risk individuals within the inde- 
pendent testing set (F = 0.024) (Fig. 3b and Supplementary 
Methods online). Notably, II stage I tumors were included in 
the high-risk subgroup. When this risk assignment was then 
conditionally examined for stage progression (Fig. 3c), low- and 
high-risk groups among stage I tumors were found to differ {P = 
0.028) in their survival. 

Identification of a robust set of survival genes 
Although predictive of patient survival, a single training-testing 
set rnay not provide the most robust set of genes due to random 
sampling issues. Theielore, a 'leave-one-out' cross-validation ap- 
proach vvas used to identify genes associated with survival horn 
all 86-tunior samples. We liist developed a 50-gene risk index in 
each training set, and then applied the risk index to the test case 
held out from the hill set of tumors nnd assigned the held out 
tumor to ihe high- oi low-risk groups (Fig. 3r/). The high and 
low- risk subgroups determined in the test cases differed signifi- 
cantly in their overall survival (P = 0.0006). Among Ihe larger 
group of stage I lung adenocarcinomas, Ihe low- risk {n = 46) and 
high-iisk (n = 23) gro\ips had markedly different survival (/> = 
0.003) (fig. 3f). Table I lists selected examples of the cumulative 
top 100 genes deiived horn this cross-validation procedme 
(complete list in Supplemeniaiy Table A online). 

It was also noted ilrat many of the stage I patients in the high- 
lisk subgroup (fig. 3*) ^veie piesent in Cluster 3 (i-ig. 1). 
Kaplan- Mere I arr/dysis dig. 3/) demonstrated a signKicanlly 
worse suivivul (P = 0.037) !oi patients ir> Cluster 3 relative to pa- 
tients in Cluster 2 and approaching significance lor Chiiter I 
and 2 coint.ined iP = 0.06). I his luither indicates Ihe im pott ant 
relationship between gene ( xpii>ssion profiles and patient sui- 
vival, independent ol di>ea.\e stage. 

Consistent witlr previous analyses of lung adenocaicinomas'-*, 
40% ol stage I and 67.8% ol stage III tumors had 12th or I3th 
cotton K r<j> gfiir niwtatic-ns. Those patients with tumors con- 
taining K iiii Diutarions >howecl a tterrd of pooiei suivival, but 
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Table 1 Selected examples of the lop 1 00 genes from cross-validation 


Cene name 


P 


% 


P 


% Change in 


Cpeflicient 


Unigene comment 




(normal versus . 


Change in tumor 


(stage 1 versus 


stage Ml 


P 






tumor t-test) 




stage 01 f-test) 




















Apoptojis- related " 


CASP4 . 


036 


-6% 


0.02 


57% 


0.0022 


Caspase 4, apoptosis- 














related cysteine protease 


P63 


9.73E-04 


37% 


0.03 


43% 


0.0010 


Transmembrane protein (63 kD), 














endoplasmic reticulum/ 














Colgi intermediate compartment 














Cell adhesion and structure 


KR77 


8.02E-08 


126% 


0.11 


55% 


0.0003 


Keratin 7 


UMBl 


0.14 


-20% , 


0.01 


60% ' 


0.0027 


Laminin, pi 














Cell cycle and growth regulators 


BMP2 


0.54 


-21% 


0.27 


47% 


0.0044 


Bone morphogenetic protein 2 


CDC6 


1.31E-05 


1070% 


0.05 


148% 


0.0124 


CDC6 (cell division cycle 6, 














Socchpromycei cerevhioe Komolog) 


51 OOP 


2.10E-08 


1572% 


0.19 


77% 


0.0001 


SI 00 calcium-biriding protein P 


5ERPINE1 


2.89E-03 


72% 


0.25 


30% 


0.0008 


Serine (or cysteine) proteinase inhibitor. 














clade E {r>exin). 


STX1A 


8.65E-08 


54% 


0.07 


26% 


0.0031 


Syntaxin 1A (brain) 














Cell signaling 


ADM 


0.05 


39% 


0.O4 


117% 


0.0016 


adrenomedulirn 


AKAP12 


8:53E 03 


-47% 


0.05 


214% 


0.0010 


A kinase (PRKA) anchor protein (gravin) 1 2 


ARHE 


0.06 


-39% 


0.05 


87% 


0.0092 


ras homolog ger>e family, member E 


CRB7 


2.02E-03 


38% 


0.63 


15% 


0.0030 


Growth factor receptor-bound protein 7 


VECf 


6.50E-08 


174% 


0.02 


85% 


0.0013 


Vascular endothelial growth factor 


WNTIOB 


0.05 


31%* 


0.48 


20% 


O0022 


Wingless- type MMTV integration jite family. 














member 1 OB 














Chaperonei 


H5PA8 


0.36 




9 01 E-04 


51% 


0.0008 


Heat-shock 70 kD pfotein 8 














Receptors 


ERBB2 


0.04 


92% 


0.37 


1 20% 


0.0013 


v-eib-b2 avian erythroblastic leukemia viral 














oncogene homolog 2 


FXYD3 


0.1 0 


ni% 


0 3 1 


73% ■ 


0.0046 


rXYD domain-containing ion tiDnsport 














regulator 3 


SLC20A1 




58% 


0.02 


•66% 


0.0021 


Solute carrier family 20 (phosphate 














transporter), member 1 














Zmytnc^f cellular metabolism 


CSTB 


1.57E-04 


50% 


0.15 


34% 


0.0001 


Cystatin B (stetin B) 


ost 


0,48 


-10% 


0.03 


67% 


0.0007 


Cathepsin L 


CYP24 


3. 1 6E'06 


N/A 


0.97 


2% 


0.0008 


Cylochrome P450, subfamily XXtV 














(vitamin D 24-hydio>ylase) 




1.O7E.07 


114% 


0.97 


-1% 


0.0033 


Fucosyltranslerase 3 (galactoside 3(4)-,t- 














(ucosyltrynsf erase, Lcvv^is blood gioup included) 


MLN64 • 


0.20 


32% 


0.42 


80% 


0.0007 


Steroidogenic acute legulatory piotein lelated 


PDE7A 


0.17 


33% 


0.01 


-35% 


-O0187 


Phosphodiesterase 7A 


PlCl 


0.04 


-68% 


0.35 


- 1 70% 


-0.001 1 


Plasminogen- like 


51C1A6 


0.07 


-32% 


0.12 


86% 


0.0069 


Solute carrier family 1 |high aHinity aspartate/ 














glulamate transport et), rncrnbei 6 














Transcription and translation 


COPLB 


0.10 


-33% 


0.26 


25% 


0.0016 . 


Core promoter element binding piotcin 


CRK 


0.10 


32% 


0.03 


48% 


0.0098 


v-crk avian sarcoma virus CI 10 or^fogene 














hornolog 


R!LA 


0.76 


-7% 


0.01 


' 20% 


0.0034 


v-rel avian retic uloendol heliosis viial 














oncogene homoloy A 














Unkr)own function 


KIAA0005 


2.71 f- 04 


40% 


0.02 




O.OOlO 


KIAA0005 gene pioiluci 


MCBl 


0.27 


125% 


0.33 




0.001 B 


Mommaglobin 1 



Bolded grnei were alio iiyr>itrf sni lor >ufvival in 43 lumor (raining set (I >g. 3b}. 



l AyW 1 it-let led e>nn>ples ol ihe cumutniive lop 100 genes idn^tilied usiKg 
trair>iiig. testing, ( toss vrtliii^tion of all 86 lung tumor san>ples. "the pen ent 
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lor>g lo all lurnois, and for the 67 stage I to the 19 stage III tumors are shown. A 
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[jooti-i |\->tient ouK otrte. "Ihe ger>es aie listed in potroti;)! ttinr tional i Jtegoiies. 
Cctiri lti;it were also [JU'senI in the top 50 survivjil genes using l)te 43-tujT>or 
lijiriKKj jet (tig. 3b) are indicated in bokf type. Cornpltte tilting of Ihe gene 
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^lt[.•pIerne^^^afy tvtet troth. 
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this di/feicnce did not reach statistical significance among all 
patients (P= 0.25), between patients within tumor clusters (P = 

. 0.41) or when analyzed separately among stage I {P= 0.22) and 
stage IM (?= 0^3) patients. Nuclear accumulation of p53 was de- 
lected in 17.9% stage 1 and in 22.2% stage 111 tumors. Nosignifi- 

. cant, relationship was observed for p53 staining and patient 
survival, cluster or tumor stage. 

Confirmation usmg an independent set of adenocarcinomas 
The robustness of our 50-genc risk index in predicting survival in 
lung adenocarcinomas was tested using oligonucleotide gene-ex- 
pression data Obtained from a completely independent 
(Massachusetts-based) sample of 84 lung adenocarcinoriias (62 
..stage I, 14 stage II and 8 stage 111; lef. 21, and dataset A at 
i%rww.genome.wi.mit.edu/MPR/lung). To ensure equivalent 
power for tesling and comparability of samples, the criteria for 
including tumors in the analysis were 40% or greater tumor cellu- 
iarity, no mixed histology (that is, adenosquamous) and patient 
survival information. To obtain comparative gene-expression 
measures between the two data sets, gene sequences present on 
the U95A and HuGeneFL array were examined, and expression 
data for our top 50 cross-validation genes for all 84 Massachusetts 
samples were obtained and processed^* (see also Supplementary 
Methods online ). When we exarhined the risk assignment of 
these 84 samples, employing the identical cutoff point used for 
the 86 Michigan-based lung samples, we observed low- and high- 
risk groups (Fig. 3^; P =: 0.003). Notably', among the 62 stage I tu- 
mors, high- and low-risk groups were observed that differed 
significantly iP= 0.006) in their survival (Bg. 3h}.. 

Survival genes had graded and outlier expression patterns 

A statistical and graphical analysis of ihe 100 survival-related 



genes (table 1) clustered against all 86 tumors revealed individ- 
ual tumors with substantially elevated expression in both a lim- 
ited and larger number of genes (Fig. 4fl). Among these genes, we 
observed two distinct patterns of expression related to patient 
survival. One pattern, designated 'outlier', included geries show- 
ing substantially elevated expression (greater than five times the 
interquartile range among all samples), whereas the other pat- 
tern, designated 'graded', was characterized by continuously dis- 
tributed expression with patient survival (Fig. 4b). The erbhZ and 
R€g}A genes are examples of outlier expression patterns and 
SWOP and ak genes of graded patterns. The number of outliers 
per person in the lop 100 genes was identified and plotted ac- 
cording to survival times and events (Fig. 4c). Both stage I and 
stage 111 lung adenocarcinomas showed outlier gene patterns 
and 10 tumors contained 3 or more outlier genes. 

Because gene amplification may result in increased gene ex- 
pression, the nine genes with outlier expression patterns {erbhZ, 
SLC1A6, Wnt 3, MGBJ, Reg^A, AkAPU, PACE, CYP24, KYNU) 
and one gene with a graded expression pattern {KRTI B) were ex- 
amined using quantitative genomic PCR to evaluate genomic 
copy number (Fig. So). Gene amplification of erbhZ (17ql2) was 
detected in tumor L94, which had the highest erbh2 mRNA ex- 
pression (Fig. 4a). Gene amplification was not detected for any 
of the other seven tested genes in tumor L94, as well as in other 
tumors. The two genes most frequently demonstrating the out- 
her pattern in these lung adenocarcinomas were KYNU and 
CyPZ4, and were present in. 10 and 9 tumors, respectively. 
CKP24 has been described as a gene amplified and overexpressed 
in breast cancer" and these results indicate elevated expression 
in lung adenocarcinoma. 

To determine whether the graded or outlier gene-expiession 
patterns also occur at the protein-expression level, 10 of the 100 




lig. 5 Cent' amplification and pioteifi e>piPiiion of iujvivat- related genes, 
o, Anafyiis of potentiat gene amplifitaiion foi 9 genei ihowing out tier e>f>ics- 
iion patterns in the lung turnori (p/Wi?, SIC J AO, Wnt 1, MCBl, Rpg^A, 
AKAP^2, PACi, CyP2A and KYNU) and oarnined using quantitative genomic 
rCR. A gene showing graded expression paticfn (Kfinsi and or>e gene 
{PACfA) with a sirnibi (fiiomoiornc loiation as PaCI. were used as (ontrols. 
Only fftB? and Rcg^A are sljown. An esophageal adenocoicinorna with 
l^nown high-level genornit arnplififaiion o) r/tB? was used as a positive con- 
t(o) and nofmal e^ophagus QNA was used as a rkpgative control (Cll). PCR 
tiagmrnts si7es we.e 3*13 hp loi CM'OH, 166 bp (or etbB? and 1 ?6 bp tor 



flr^l A. DNA is tiom normal lung (N) and \ vtnof(\') from each patreril (tot e>- 
atTiple 137). 6, Imrnurwhistoc hemic aJ ar>alysis of stnvival iplated genes with 
lung adenocarcinoma rnic roan ays usir»g the tumors from this study., Ihe 
transmembrane erbB? pioioin (top lelt) e>piession is sut>slantlally increased 
in tumor 19'\ corHairwig the an.plificd erhlV/ yer)e (fig. ar>d /;). fxpressicn 
o( VtCI (top ricjfit) arrd MOOP (bottom left) was located within \hv neoplai- 
tic cells an(J the pattern ol irnrrtunoi eaclivily was consislcnl with Ihr (jpaded 
e>pression pattern demor.iUated by their mRNA prutilei. Impression ol the 
on(oger>e r/fc (tHdtorn riqhl) v/as abuncJafttly c> pressed in neoplastic hint) 
(()ls, MagniHtatiun, >-TDO (eibK?); >?Ot>(VlCf, 51 OOP and cik). 



NAIURI MlDrciNl ' VOI UMJ fi . r.'lJMlUfte • *c'Cu:o ?00? 



ARTICLES 



o 
O 

CD 



top survival genes (Table }) foi which specific antibodies v^eie 
available weie chosen for immunohistochemical analysis using 
hmg-tumoi arrays from this study 5b). Expression of mem- 
brane erbBZ protein was substantially increased in the er&BZ-am- 
plified tumor L94 and very low levels of expression were present 
in other tumors, consistent with mRNA-expiession measure- 
ments (Fig. 4a and b). CDC6 protein expression was also sub- 
stantially higher in tumor L94; consistent with mRNA levels 
(data not shown). Expression of vascular endothelial growth fac- 
tor (VEGF) and Si OOP (Fig. Sb), as well as cytokeratin 18 {KRT18), 
cytokeratin 7 (KRT7) and fas-associated death domain (FADD) 
protein {data not shown), was located within the lung tumor 
cells and consistent with the graded expression pattern of the 
mRNA profiles. The oncogene crk showed both graded mRNA as 
well as a graded piotein-expression pattern with survival, and 
was abundantly expressed in the tumor cells (Fig. Sb). These re- 
sults indicate that many survival-associated genes are expressed 
at the protein level and demonstrate similar mRNA and protein- 
expression patterns. 

Discussion 

We used several approaches for the analysis of gene-expiession 
data related to clinicopathological variables and patient sur- 
vival. One approach, hierarchical clustering, was used to exam- 
ine similarities among lung adenocarcinomas in their patterns 
of gene expression. Previous studies of lung tumors^' " have also 
used this method to describe subclasses. of lung lumois. Here, 
we found three clusters that showed significant differences with 
respect to tumor stage and tumor differentiation. This suggests, 
as expected, lhat tumors with similar histological features of 
differentiation demonstrate similarities in gene expression. 
This feature also partly underlies the observed statistical associ- 
ation of tumor stage and cluster, as many of the higher-stage tu- 
mors, often poorly differentiated and previously associated 
with a reduced survival'"*, were located in Cluster 3. Although 
this cluster, contained the highest percentage of stage 111 tu- 
mors, it also contained a nearly equal mixture of stage 1 and 
stage III tumors and not all tumors were poorly differentiated. 
This indicates thai a subset of stage I lung adenocarcinomas 
share gene-expiession profiles with higher-stage tumors. 
Notably, JO of the 3 1 stage 1 tumors found in Cluster 3 weie the 
high-risk stage I tumors identified using the risk index in the 
'leave-one- out' cioss- validation. 

In contrast to previous analyses of lung adenocarcinomas''", 
we validated the expression data from the arrays. The strong coi- 
relation o\ noilhein-blol analysis and oligonucleotide- an ay data 
tor gene cxpiession in the same samples (fig. 2b} indicates that 
these stxidies provide robust gene-expression estimates. 
ImmunohiMocbemistiy \isjng the same tumor samples in tissue 
arrays demonstiates piotein expression' within the hmg tumor 
ceils. Togtihei, these studies inilicate that many of the genes 
idenlified using ;;ene- expression prrjfiles are Jikely iclevanl to 
lung adenocaifinoma. For example, 1CFBP3 gene expression is 
incieasrd in lung adeiiocaicinomas (Fig. 2c), IGPBP3 piotein 
modulates (he ouiociine or paraciine ellects of instdin-iike 
growth hutois, elevated iC^BP3 expiession is observed in colon 
cancel'', and inc leaM li seium IGFBP3 is associated with pfogies- 
sioi) in bieasi fancer'. He.it-shock pioiein 70 (MSI*- 70) i.s in- 
cieaied in hm^; adenoraicinomas ol smokers'' and is associatt-t) 
^vith intiea.\etf joeiaitatic poterHial in breast cancel Inrica.*-ed 
seiuin lactate dehytli 0|L;enase is corielated with tumor stage and 
turrioi bunlt-n'", :io«l (v.slatin C, a cysteine piolcase inlubitoi (?(■ 



pressed in human lung cancers^', is prognostic in some cancers" 
The decreased expression of this protease inhibitor may affect 
the invasive properties of the tumor cell. 

, The cross-validation analytical strategy we used is particularly 
informative for these types of gene- expression analyses for dis- 
ease outcome"^, and identification of aoss- validated genes yvixh 
a larger tumor cohort may help refine this risk index for use in a 
clinical setting. The gene-expression data also provide opportuniT 
ties to observe overarching patterns that advance our under- 
standing of associations between genes and disease. For example, 
the top 100 survival genes include those involved in signaling, 
cell cycle and growth, transcription, translation and metabolism. 
Expression of many of these genes is likely a function of inaeased 
proliferation and metabolism in the more aggressive tumors. 
Some genes, such as erbBl and ReglA (Fig. 4a and b), were highly 
overexpressed in a few patients having poor survival. In one 
tumor, the erbBZ gene was amplified (Fig. Sa), demonstrating that 
genomic changes rnay underlie the overexpression of a subset of 
these outlier genes. Immunohistochemistry confirmed protein 
overexpression in this patient's tumor (Fig. Sb). Notably, seven of 
the eight outlier genes were not amplified, indicating thai other 
mechanisms underlie the increased mRNA expiession of these 
survival-related genes. 

Most genes showed a graded relationship between expression 
and patient survival. Genes such as that encoding VEGF, known 
to be strongly associated with survival in lung cancer*^" were 
identified as related to patient survival in our study. VEGF 
demonstrated a graded expression pattern, as did the Si OOP and 
xrk oncogene (Fig. 5b). SI OOP is a calcium-regulated protein not 
previously reported in lung cancer. The crk gene, the cellular ho- 
molog of the v crk oncogene, is a member of a family of adaptor 
proteins involved in signal transduction and interacts directly 
with c-jun N-terminal kinase 1 0^*^!)"- Although crk has not 
been shown to have □ role lung cancer, its lole in the MAP-ki- 
nase pathway, which leads to activation of matrix metallopro- 
teinase secretion and cell invasion", indicates potential 
involvement in the the turhor cell invasion or metastasis of 
some hmg adenocarcinomas. Among the many genes identified 
in this study, like crk, that may be causally involved in lung can- 
cer progression (Table 1), some were related to survival in many 
patients, and others in only smaller subsets of patients. This re- 
sult is consistent with the complex molecular architecture of tu- 
mors in general, the heterogeneity of lung adenocarcinomas in 
paiticular and the multiple mechanisms undeilying turnor-cell 
stnvival, invasion and metastasis". 

Oui results demonstrate that a gene-expiession lisk piofile — 
based on the genes most associated with patient suivival— can 
distinguish stage I lung adenocarcinomas and ditteientiate piog- 
noses. The particular genes that define the cIuMeis, oi aie associ- 
ated with survival, likely reflect the chaiacteiislics of the 
paiticular ttnuojs included in the analysis. Cuiient theiapy foi 
patients wjih stage 1 disease usually consists ol suigit al lesection 
witliont adjuvant treatment Cleaily, the ideniiiication ol a 
hij;h-iisl< gioup among patients with stage 1 tli.sease would lead 
to tonsideiation of additional therapeutic in tei vent ion (oi this 
yiOup, possitjiy leading to impioved .^uIvival ot these [jatieuts. 

Methods 

Pmiffit population. Sequenlial paiicnls jt-rn ;it (hp Univciiily ot Mi^hioitn 
Hnjpit;>t tietween Msy ^994 and July 2000 tor Jtarjp I ot iliiot* til lung aiJe- 
nooMiMOina wpie evaluated for this jiuciy. Conjeiit w;ij ipo ivcct aint iln: 
piojett w;>s approved by ihe local Institutional Review [ioant, I'liinaiy ru- 
tnvn anil adjatent nonneoptaitic tuny ti>3ue werr r(tiiainf(.l al I lie limt^ ot 
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surgefy. Peripheral portions of resected long carcinomas were jectioned, 
evaluated by a itudy pathologist and compared with routine H£iE sections 
of the same tumors, and utilized for mRNA isolation. Regions chosen for 
analysis contained a tumor. cellularity greater than 70%, no mixed histol- 
ogy, potential metastatic origin, extensive lymphocytic inliltration or fibro* 
sis. Tumors were histopathologic ally divided into two categories based on 
their growth pattern: bronchial- derived, if they exhibited invasive features 
with architeclural destruction, and bronchioloah^plar, if they exhibited 
preservation of the lung architecture. All stage I patients received only sur- 
gical resection with intra-thoracic nodal sampling and no other treatments. 
Stage III patients received surgical resection plus chemotherapy and radio- 
therapy. 

Cene-expression profiling and K-roi mutation analysis. RNA isolation, 
cRNA synthesis and gene-expression proliling were performed as de- 
scribed". Details of gene annotation and K-ros mutation analysis are pro- 
vided in supplementary information. 

Northern-blot analysis. Total cellular RNA (1 0 pg) was separated in 1 ,2% 
agarose-formaldehyde gels and vacuum- transferred to Gene Screen Plus 
(NEN Life Science Products, Boston, Massachusetts). Hybridization condi- 
tions and probe labeling were as descritjed**. Individual sequence-validated 
cDNA image clones for human ICFBP^ (clone 1407750). IDH A (clone 
■ 242024 l),.cystatin C (OS 3; clone 949938) were from Research Genetics 
(Huntsvrlle, Alabama). The human histone H4 cDNA and the 28 S ribosomal 
RNA 26-mer oligonucleotide probe were prepared and labeled as de- 
scribed*". 

Cene-ampJification analysis. 1 1 genes were selected (or the analysis of ge- 
nomic alterations. Primers were designed using PrimerSelect 4.05 Windows 
32 soltware (DNASTAR, Madison, Wisconsin), avoiding pseudogenes or po- 
tential honr>ologous regions. Forward and reverse primers for the genes are 
provided (Supplementary Methods online). Quantitative genomic-PCR was 
then applied and analyzed as described*'. 

Immunohistochemical staining. The HfiE-itained slides ot at) primary 
tung tumors were used to identify the most representative regions of each 
tumor and a tissue microarray (TMA) block was tonjtructcci as described*'. 
Immunohiitochemistry (IHC) was performed using both louiine and sec- 
tions from the TMA block as described^*. Detailed methods and the con- 
centf aliens used lor all antibodies are provided in ibe Supplerner^tary 
Methods. 

SlDtisti(a) methods. Mesls were used to identify diffeiencej in mean gene- 
expression levels between comparison groups. Agylomeiative hierarchitat 
clustering*^ was applied using the average linkage method to investigate 
whether there was evidence for natural groupings of tumor samples based 
on correlations between gene-expressiori pioliles, 7o investigate the ro- 
bustness ol the clustering infeience, gene-e>prei5)on values weie per- 
turbed by adding random Caussiar> erioi ot magnitude obtained liont a 
duplicate sample to each data point and then leclusteied to determine con- 
cordai^ce in the tumor's class membership. Peaison, and fishei's e>act 
tests were used to assess whether cluster membership was associated with 
physic al and genetic cbaiacteristics ol the tumors. 

To determine whether gene-expression prolitei were aisoc rated with 
variability in survival times, 2 separate but (omplcrnrrnafy approaches 
wtre used. In the (irst approach, the 86 tumor j weie randomly aijigned to 
egtri\'alrnt training and testing sets tonsistinq ot equal ruiinbeis ol stage I 
and 10 tumors in order to validate a novel riik-if)d(*;K UhH tiort lhj>l captured 
the ettect ot many genes al once. In the iccor>(.) approac h, c ross- valid.iiion** 
was used to more robustly identify the qertcs aMo<iated with sirrvival. 
Biielly, a 'leave- Oi>e- out' cross-validation procedurp in vvhr( h 85 ol the 86 
tumors (the tiaining set) was used to idenlily fienc-i that woie univar lately 
ajsocialed with survival. Ihe risk index was dellned as a tinrcn coinbir)iition 
ot the gene e.>^pression values tor the lop grrn-s tJi'MlifrcfJ by univ^iiiate Co.> 
proportional- hazard regression modeling*', wriuht rd by tht'ii rstiinjied le- 
giesiion coef fit rents. Kaplan- Meio surviv:*! ploti and loy ianK lejis were 
ther^ used to assess vuhethci the (ist-inde> ajiifnimerkt to hinh/tow latr- 
ftoiit'S was validated in the test set. A nxjie ik-tjtlcd drsr rlptPdiv is provicJed 
(iuf jpIt frnMHary Mettiods oi*!ir>e). 



Note: Supplementary information is ovoitobte on the Nature Medicine web^te. 
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Rapid quaatitattou of proinflaminatory and chemoattractant cytokine 
expression in small tissue samples and nionocyte-derived dendritic cells: 
validation of a new real-time RT-PCR teclniology. 

• Blaschke V, Reich K . DIasclike S . Zipprich $ . Ncumami C . 

Department of Dermatology, von-SieboId-Str, 3, D-37075, Goettingen, Germany. 
vblasch@gwdg!de 

The analysis of cytokine profiles, plays a centra! part in the characterization of disease- 
related inflammatory pathways and the identification of fijnclional properties of ininiune 
cell subpopulations. Because tissue biopsy samples are too small to allow the detection of 
■ cytokine protein, the detection of mRNA by RT-PCR analysis is often used to investigate 
the cytokine milieu in inflammatory lesions, RT-PGR itself-is a qualitative metliod, 
indicating the presence or absence of specific transcripts. With the use of internal or 
external standards it may also serve as a quantitative method. The most widely accepted 
metliod is quantitative competitive RT-PCR, based on internal shortened standards. 
Recently, online real-time PGR has been introduced (LightCycler), which allows 
quantitation in less than 30 min. Here, we have tested its use for tlie analysis of cytokine . 
gene expression in different experimental m vitro and ex vivo settings. First, we 
compared quantitative competitive RT-PCR witli real-time RT-PGR in the quantitation of 
transcription levels of the CD4(-t-) cell-specific chemoattractant Interleukin-16 during tlie 
maturation of monocyte-derived dendritic cells, and found a good correlation between 
bodi mediods. Second, differences in the amounts of IL-16 mlWA in synovial tissue 
froni patients with rheumatoid artluitis and osteoartliritis as assessed by real-time RT- . 
PGR paralleled differences in the level of IL-16 protein in the synovial fluid. Finally, we 
employed real-time RT-PGR to study the cutaneous expression of several cytokines 
during experimental immunomodulatory therapy of psoriasis by Interleukin-lO, and 
demonstrate that the teclniique is suitable for phamiacogcnomic monitoring. Li suniniary, 
real-time RT-PCR is a sensitive and rapid tool for quantifying mRNA expression even 
with small quantities of tissue. The results obtained do not differ from those generated by . 
quantitative competitive RT-PGR. 
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Buty rate-induced reversal of dexainethasoue resistance in autonomous rat 
Nb2 lymphoma cells. 

nucidcy AR . lOunienacker J$ . Bucktcy DJ , Lcff MA . Magnusoii NS , Rccd JC , 
Miyashita T . de Jong G . Goiit PW . 

Department of Phannacology and Toxicology, University of North Dakota School of 
Medicine and Health Sciences, Grand Forks 58202-9037, USA. 
abuckIey@maiLmed.und.nodak,edu 

The parental rat Nb2 lymphoma is a prolactin (PRL)-dependent T cell line. Exposure of a 
PRL-independent subline, Nb2"SFJCD I , to sodium butyiate (NaBT) causes transient 
reversal of their growth factor-independent proliferation in association with constitutive 
expression of protooncogenes pim-1 and c-myc. In the present study, we investigated the 
effect of NaBT treatment on the sensitivity of Nb2-SFJCP 1 cells to dexamethasone 
(DEX)-induced apoptosis. Pretreatment witti NaBT (2 mM, 72 h) partially reversed 
resistance to apoptosis in N1)2-SFJCD1 cells exposed to DEX (100 nM) for 12 h, 
assessed by flow, cytometric analyses of DN A fragmentation. However, tlie cytolytic 
effect of DEX was abrogated by PRL in a time- and concentration-dependent manner. 
Evaluation of apoptosis-associated gene expression in NaBT-pre-treated cultures 
incubated with DEX or DEX+PRL indicated that the apoptosis resistance did not stem 
from altered bcl-2 or bax expression. However, tliere was a strong correlation between 
the resistance to DEX-activated apoptosis and their enhanced expression of pim-1 inRNA 
and protein. The results show that it is possible to reverse DEX-induced apoptosis of Nb2 
pre-T cells and suggest tlie pim-1 gene product has an important role as a suppressor of 
this process, perhaps functioning as a mediator of PRL action. 
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Alterations in neuropeptide Y levels and Yl bindiug sites in the Flinders 
Sensitive Line rats, a genetic animal model of depression. 

Cabeiiotto L . Jimenez P, Overstreet PH . Hnrd YL , Mathe AA , Fuxe K . 

Department of Neurosci ence, Karolinska Institute, Stockholm, Sweden. 

Previously, we observed specific alterations of neuropeptide Y (NPY) and Yl receptor 
mRNA expression in discrete regions of the Flinders Sensitive Line rats (FSL), an ajiimal 
model of depression. In order to clarify the correlation between mRNA expression and 
protein content, radioimmunoassay and receptor autoradiography were currently 
performed, hi the FSL rats, NPY-Jike immunoreactivity (NPY-LI) was decreased in the 
hippocampal CA region, wliile Yl bmding sites were increased; NPY-LI was increased 
in the arcuate nucleus. Fluoxetine treatment elevated NPY-LI in the arcuate and anterior 
cingulatc cortex and increased Yl binding sites in the medial amygdala and occipital 
cortex in bodi strains. No differences were found regarding the Y2 binding sites. The 
results demonstrate a good correlation between NPY peptide and mRNA expression, and 
sustain the possible involvement of NPY and Yl receptors in depression. 
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Ncurokiiuii 1 receptor and relative abundance of (lie short and long 
isoforrns in the Innnan brain. 

CabcrloUo L . Hurcl YL , Murdock P , W:ddin JP , Mclotto S , Corsi K CarlcMi R , 

Depaitrnenl of Biolog3^ Psychiatry CEDD, GlaxoSmitliKiine Medicine Research Centre, 
Verona, ftaly. Laura.L.CaberIotto@gsk.com 

Substance P exerts its various biochemical effects mainly via interactions tlirough 
neurokinin- 1 receptors (NKI). Recently, the NKl receptor has attracted considerable 
interest for its possible role in a variety of psychiatric disorders including depression and 
anxiety. However, little is known regarding the anatomical distribution of NfCl in the 
human central nervous system (CNS). Riboprobe in situ hybridization, quantitative PGR 
and in vitro autoradiography were perfonned. Highest NKl mRNA levels were localized 
in the locus coeruleus ajid ventral striatum, while moderate hybridization signals were 
observed in the cerebral cortex (most abundajit in the visual cortex), hippocampus and 
different amygdaloid nuclei. Very low levels of the NKl mRNA were detected in the 
cerebellum and thalamus. In view of the existence of a long and short isoform of the NKl 
receptor, it was of interest . to assess whether there was a differential distribution of the 
tAvo splice variants in the human CNS and peripheral tissues. A quantitative TaqMan 
PCR analysis showed that the long NKl isoform was the most prevalent throughout the 
human brain, while in peripheral tissues the truncated fonn was the most represented. 
3H-Substance P. autoradiography revealed a good correlation between receptor binding 
sites and NKl mRNA expression throughout the brain, with the highest levels of binding 
in the locus coeruleus. These results provide the anatomical evidence that the NKl 
receptors have a strong association with neuronal systems relevant to mood regulation 
and stress in the human brain, but do not suggest a region-specific role of the two 
isofonns in tlie CNS. 
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Characterization of cyclin D2 expression in human endotnetrium. 

Choi D , Yoon S. Lee Hwang S , Song S , Kim J . Yoon BtC Lee JTl . 

. Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, South .Korea, dschoi@smc.samsung.co.kr 

OBJECTIVE: This study was undertaken to investigate cyclin D2 mRNA and protein 
expression in human endometrium during tlie menstrual cycle. METHODS; Endometrial 
samples were obtained front 15 premenopausal nonpregnant women who had 
hysterectomies for benign gynecologic reasons. They were divided into the following five 
groups according to histologic dating: early proliferative (n = 3), mid to late proliferative 
(n = 3), early secretory (n = 3), mid secretory (n = 3), and late secretory (n = 3). Cyclin 
D2 mRNA and protein expression were analyzed using reverse transcriptase-polymerase 
chain reaction, Western blotting, and immujiohistochemistry. RESULTS: Cyclin D2 
mRNA and protein were expressed in human endometrial tissue throughout tlie menstrual 
cycle. Cyclin D2 mRNA and protein expression of proliferative phase endometrium \yere 
significantly higher tlian those of secretory phase endometrium (P <.05). The staining 
intensity of cyclin D2 in proliferative phase endometrium was higlier than that in 
secretory phase (P <.(j5), Cychn D2 mRNA level showed good correlation with cyclin 
D2 protein level (R = 0.579, P <.03), and cyclin D2 protein also showed good correlation 
with immunohistochemical staining intensity (R = 0.562, P <,03). CONCLUSION: 
Cycljji D2 was expressed in human endometrium tluougliout the menstrual cycle. Cyclin 
D2 mRNA and protein were expressed at Iiigli levels in proliferative phase endometrium, 
especially in the early proliferative phase, and then decreased in tlie secretory phase. 
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Human chorionic gonadotrophiu beta expression in malignant Barrett's 
ocsopliagus. 

Couvctard A , Paraf Vidaud 0 , Dubois S , Vidaud M . Flcjou JF . Dcgott C . 

Service d'Anatomie Pathologique, Hopital Beaujon, 921 18 Clichy cedex, France, 
annexouvelai'd@bjn.ap-hop-paris,Cr 

BACKGROUND: Human chorionic gonadotrophin beta (hCGbeta) is expressed in 
several non-trophoblastic tumours, and tliis is usually associated with aggressive 
behaviour. Little is known about hCGbeta expression in Barrett's adenocarcinoma. 
MATERIALS AND METHODS: We detennined the hCGbeta profile in a large series of 
surgically resected Barrett's adenocarcinoma (a) at mRNA level using real-time 
quajititative reverse-transcription polymerase chain reaction analysis and (b) at protein 
level using immunohistochemistry with a polyclonal antibody and with a monoclonal 
antibody specific for free hCGbeta. We then sought links between the hCGbeta protein 
expression pattern and clinical and pathological parameters, including patient outcome as 
well as vascular endothelial growth factor (VEGF) expression. RESULTS: hCGbeta 
protein expression was observed in 43 of 76 (57%) Bairett's adenocarcinomas. We 
showed a strong coirelation between hCGbeta protein abundance and COB niRNA level. 
We observed a statistical link between hCGbeta protein expression and infiltrative 
tumour type ( P=0-023), perineural neoplastic invasion ( P=0.007) and VEGF protein 
expression ( P=0.0 1 6). hCGbeta expression tended to be associated with a poor outcome 
(16% versus 36% survival 8 years after resection). CONCLUSION: Expression of 
hCGbeta correlates with specific infiltrative characteristics and is associated widi liigher 
VEGF expression. Both molecules may play a co-ordinated role in the development of 
Barrett's adenocarcinomas. 
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Downregulation of ENaC activity aud expression by TNF-a!plia in alveolar 
epithelial cells. 

Da^cnais A, Frechette R . Yamagata Y . Yamagata T . Canuel JF , Clermont ME , 
Brochiero E . Masse C . Berthiaume Y . 

Centre de recherche, CHUM-Hotel-Dieu, 3850 St-Urbain, Montreal, Quebec, Canada 
H2W 1T7. andre.dagenaisxhum@ssss.gouv,qc.ca 

Sodium absorption by an amiioride-sensitive channel is the main driving force of lung 
liquid clearance at birth and lung edema clearance in adulthood. In tliis study, we tested 
whether tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine involved 
in several lung pathologies, could modulate sodium absorption in cultured alveolar 
epitlielial cells. We found that TNF-alpha decreased the expression of the alpha-, beta-, 
and gamma-subunits of epithelial sodium channel (ENaC) mllNA to .36, 43, and'l6% of 
the controls after 24-h treatment and reduced to 50% the amount of alpha-ENaC protein 
in these cells. There was no impact, however, on alpha(l) and beta(l) Na(+)-K(+)- 
ATPase mRNA expression. Amiioride-sensitive current and ouabain-sensitive Rb(+) 
uptake were reduced, respectively, to 28 and 39% of the controls. A strong correlation 
was found at different TNF-alpha concentrations between the decrease of amiioride- 
sensitive current and alpha-ENaC mRNA expression. All these data show that TNF- 
alpha, a proinflammatory cytokine present during lung infection, has a profound 
influence on tlie capacity of alveolar epithelial cells to transport sodiuni. 
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luvolvcmenl of the CCNDl gene in hairy cell leukemia. 

dc Boer CJ , KJuLn-Nelemaas JC , Dreef E , Kester MG , Kluin PM, Schum ing van 
Kriekea JIX . 

Department of Pathology, University of Leiden, The Netherlands, 

BACKGROUND: Previous results suggested increased nnlWA expression of CCNDl in 
hairy cell leukemia (HCL). The CCNDl gene is involved in the t(l I;l4)(ql3;q32) 
chromosomal rearrangement, a characteristic abnormality in mantle cell lymphoma 
(MCL). We and others reported that, in contrast to otlier B-cell lymphomas, almost all 
MCL have over-expression of the CCNDl gene witli a good correlation between RN A 
and protein analysis. Recent studies showed that overexpression of the cyclin Dl protein 
can be easily detected by immunohistochemistry (IHC) on formalin-fixed, paraffin 
embedded tissues. PATIENTS AND METHODS: To investigate whether the CCND 1 
gene is involved in HCL, we performed IHC on a series of 22 cases using formalin-fixed 
paraffin embedded splenectomy specimens. For IHC the sections were boiled in citrate 
buffer. The presence of rearrangements within the BCL-l locus and the CCNDl gene 
was analyzed in 13 of 22 cases by Southern blot analysis using all available break-point 
probes. Expression of CCNDl was analyzed at the mRNA level (Northern blot) and 
protein level (IHC). RESULTS: Overexpression of the cyclin Dl protein using IHC was 
observed in all cases, with strong expression in 5 cases. Pre-existing B- and T-cell areas 
of tlie spleen did not express significant levels of the cyclin Dl protein. Seven of 9 cases 
analyzed by both IHC and Northern blotting showed overexpression of the CCNDl gene 
witli both metliods. No genomic abnormalifies were observed in any of tlie 13 cases 
studied by Soudiem blot analysis. Additionally, no I lql3 abnormalities were detected by 
banding analysis of 19 of 22 cases. CONCLUSIONS: The elevated levels of CCNDl 
mRNA and protein in conjunction with the absence of overt rearrangements within the 
BCL-l locus distinguish HCL from MCL and other B-cell malignancies. This suggests 
that activation of the CCNDl gene in HCL is due to mecharusms otlier tlian chromosomal 
rearrangement. 



PMID: 8740788 [PubMed - indexed for MEDLINE] 



235: Mol Hum Rcprod. 2Q0Q Aug;6(8):743-9. Related Articles. Links 



Itiliibiii aud activin production and subuiiit expression in human placental 
cells cultured in vitro, 

Debtcvc F, Pampfcr Thomas K . 

Department of Obstetrics mid Gynecological Endocrinology, Universite Catholique de 
Louvain, 1200 Brussels, Belgium. 

Inhibins and activins are dimeric proteins, with each subuiiit being one of three related 
protein subunits (alpha, betaA or betaB). The mRNA levels of these subunits were 
studied quantitatively during in-vitro differentiation of human cytotrophobiast cells into 
syncytium, using Northern blot analysis and semi-quantitative reverse tianscription- 
polymerase chain reaction (RT-PCR) analysis. The corresponding protein concentrations 
were determined by specific enzyme-linked immunosorbent assays for inlitbin A, B, pro 
alphaC and acttvin A in cellular protein extracts and culture medium (n = 5). 
Immunofluorescence studies showed syncytium formation after 48 h. The alpha subunit 
was present before plating and increased at 48 h {P<0.001) while the betaA subunit was 
weak before plating and increased at 24 h. Tlie betaB subunit was not detected. With 
respect to corresponding protein synthesis, inhibin A (alpha + betaA) had risen after 48 h 
in cellular protein extract and after 72 h in culture medium, while activin A (betaA + 
betaB) was detected after 24 h, witli no significant variations in culture medium. There 
was a good conrelation between inhibin A and alpha subunit expression (r = 0,736, 
P<0.001), as well as between activin A and betaA subunit expression (r = 0.755, 
P<0.001). This study showed that mRNA expression parallels protein synthesis of inliibin 
and activin in trophoblast cells. Inhibin A syndics is appears to be dependent on alpha 
subunit mRNA expression, rather than on the betaA subunit which controls activin A 
synthesis. This study has also shown that isolated cytotrophobiast cells do not produce 
dimeric inhibin. However, during the transformation of cytotrophobiast cells into 
syncytium, betaA subunit mRNA expression may be an indicator of cell aggregation, 
while alpha subunit mRNA expression may be an indicator of; cell fusion. 
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Expression of membraiic-type matrix metalloprotcinascs 4, 5, and 6 in 
mouse corneas infected with P, aeruginosa. 

Pong KatarM , Alousi S , Berk RS . 

Department of rmmunology and Microbiology, Wayne State University School of 
Medicine, 540 E. Canfield, Detroit, MI 48201, USA: 

PURPOSE: To investigate tlie expression and regulation of membrane-type matrix 
metalloproteinases (MT-MMPs) 4, 5, and 6 in the mouse corneas infected with 
Pseudomonas aeruginosa. METHODS: C57BL/6J mice were intracomeally infected with 
P. aeruginosa. The expression of MT4-, MT5-, and MT6-MMP was detected at both the 
mRNA and protein levels by .RT-PCR and immunoblot analysis. Inununohistochemical 
staining was performed to.Iocalize the expression of MT4- and MT5-MMP in the mouse 
comeas, RESULTS:v. Expression. ofMT4- and MT5-MMP was detected in the normal . 
(uninfected) cornea by RT-PCR and immunoblot analysis. When infected with P. 
aeruginosa, the conieas showed significant induction of each MT-MMP. Localization of 
MT4- and MT5-MMP revealed that the expression of MT5-MMP was restricted to the 
epithelial tissue in the normal cornea, whereas the induced expression of MT4- and MT5- 
MMP was predominantly in the substantia propria, wliich contained most of the 
infiltrating cells. MT6-MMP expression was not detected in the uninfected cornea but 
was upreguiated in thelnfected comeas. CONCLUSIONS: Expression of MT4-, MT5s 
and MT6-MMP was induced in comeas infected with P. aeruginosa. 
Immunohistochemistry showed predominant immunoreactivity of MT4- and MT5-MMP 
in the substantia propria. Previous histologic studies have revealed different patterns of 
inflanimatory cell infiltration with an increased number of polymorphonuclear 
neutrophils (PMNs) during the early stage of inflammation and increased macrophages 
during the late stage. These results indicate a good correlation between the 
overexpression of the MT-MMPs in the infected comeas and the inflammatory response- 
that is, leukocyte infiltration-indicating that inflammatory cells such as macrophages and 
PMNs inay play a role in the upregulation of MT-MMPs during corneal infection, which 
in turn can cause the destmction of corneal tissue. 
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Assessment of proliferative activity in colorectal carcinomas by 
quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 

Dtichrow Hasemcycr S , Broil R , Bruch Hl\ VVindhovci U . 

Surgical Research Laboratory, Surgical Clinic, Medical University of Lubeck, 
Ratzeburger Alice 160, D-23538 Lubeck, Germany. 

The monoclonal antibody Ki-67 and the isospecific monoclonal antibody MIB-1 are 
routinely used in oncology to assess the proliferation index of tumor cells. A more 
objective and sensitive metliod.is the determination of the of lCi-67 protein-specific 
mRNA by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). In 25 
resected colorectal adenocarcinomas of different stages and grades we deteiinined 
between 0.2 and 4.4 amol (I0(-I8) mol) Ki-67 protein-specific mRJSlA per microgram 
total RNA (median = 0.88 amol). The corresponding Kj-67 indices (expressing the 
percentage of Ki-67/MIB-I positive tumor cells) ranged from 41 to 81% (median = 61%). 
We found a good correlation between Kj-67 index and mRNA expression (r = 0,75), a 
significant correlation between both data and tumor stage (primary tumor, regional nodes, 
metastasis [pTNM] staging classification) (p < O.OOl), but not between both data and 
tumor giade. Both Kji-67 indices (p ^ 0.05) and mJRJMA levels (p = 0.014) correlated 
significantly to the patients' survival- These results demonstrate that the Ki-67 protein- 
specific quantitative RT-PCR is a useful method for the characterization of tumor cell 
proliferation. 
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Molecular characterisation of carboliydratc digestion and absorption in 
equine small intestine. 

^^ycr J , Fcrnandcz-Castano Mercdiz E . Salmoa ICS , Proudman CJ , Edwards GB . 
Shirazi-Decchcy SP . 

Department of Veterinary Preclinical Sciences, University of Liverpool, UK. 

Dietary carbohydrates, when digested and absorbed in the small iiitestine of the horse, 
provide a substantial fraction of metabolisable energy. However, if levels in diets exceed 
the capacity of the equine small intestine to digest and absorb them, they reach the 
hindgut, cause alterations in microbial populations and the metabolite products and 
predispose tlie horse to gastrointestinal diseases. We set out to determine, at the 
molecular level, tlie mechanisms, properties and the site of expression of caibohydrate 
digestive and absoiptive fuactions of the equine small intestinal baish-border membrane. 
We have demonstrated that the disaccharidases sucrase, lactase and maltase are expressed 
diversely along the length of the intestine and D-glucose is transported across the equine 
intestinal brush-border membrane by a high affinity, low capacity, Na-iVglucose 
cotransporter type 1 isoform (SGLTI). The highest rate of transport is in duodenum > 
jejunum > ileum. We have cloned and sequenced the cDNA encoding equine SGLTI and 
alignment witii SGLTI of other species indicates 85-89% homology at the nucleotide and 
84-87% identity at the amino acid levels. We have shown that there is a good correlation 
, between levels of fxanctional SGLTI protein and SGLTI nlRNA abundance along the 
length of the small intestine. This indicates that the major site of glucose absorption in 
horses maintained on conventional grass-based diets is in the proximal intestine, and the 
expression of equine intestinal SGLTI along the proximal to distal axis of die intestine is 
regulated at the level of mRNA abundance. The data presented in diis paper are the first 
to provide infomiation on the capacity of the equine intestine to digest and absorb soluble 
carbohydrates and has implications for a better feed management, pharmaceutical 
inteivention and for dietary supplementation in horses following intestinal resection. 
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Suppressors of cytokiue signaling proteins arc differentially expressed in 
Thl and Tli2 cells: iinplicatious for Tli cell lineage couimitment and 
maintenance. 

Eg^vuagn CE . Yu CR, Zhang M ; Mahdi RM . Kim SJ , Gcry L 

Laboratory of Immunology, National Eye Institute, National Institutes of Health, 
Bethesda, UD 20892, USA. emeka@helix.niji, gov 

Positive regulatory factors induced by IL-1 2/STAT4 and IL-4/STAT6 signaling during T 
cell development contribute to polarized patterns of cytokine expression manifested by 
differentiated Th cells. These two critical and antagonistic signaling pathways are under 
negative feedback regulation by a multimember family of intracellular proteins called 
suppressor of cytokine signaling (SOCS). However, it is not known whether these 
negative regulatory factors also modulate Th 1 /Th2 lineage commitment and maintenance. 
We show here that CD4(:t-) naive T cells constitntively express low levels of SQCS I , 
SOCS2, and S0CS3 mRNAs. These mRNAs and their proteins increase significantly in 
nonpolarized Th cells after activation by TCR signaling- We further show that 
differentiation into Th\ or Tli2 phenotype is accompanied by preferential expression of 
distinct SOCS mRNA transcripts and proteins. SOCSl expression is 5-fold higher in ThI 
than in Tli2 cells, whereas Th2 cells contain 23-fold higlier levels of S0CS3. We also 
demonstrate that IL-12-induced STAT4 activation is inliibited in Th2 cells tliat express 
high levels of S0CS3 whereas IL-4/STAT6 signaling is constitutiveiy activated in Th2 
cells, but not TliI cells, with liigh SOCSl expression. These results suggest that mutually 
exclusive use of STAT4 and STAT6 signaling pathways by differentiated Tli cells may 
derive in part, from S0CS3- or SOCSl -mediated repression of IL-12/STAT4- or IL- 
4/STAT6 signaling in Th2 and ThI cells, respectively. Given the strong correlation 
between distinct patterns of SOCS expression ajid differentiation into the Thl or Th2 
phenotype, SOCSl and SOCS 3 proteins are thereforeTh lineage markers tliatcan serve 
as therapeutic targets for immune modulation therapy. 
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Intravitreal mvading cells contribute to vitreal cytokine milieu in 
proliferative vitreoretinopathy. 

El-Ghrablv lA , Dua HS , Orr GM, Fischer D , Tigbe PJ . 

Larry A Donoso Laboratory for Eye Research, Department of Ophthalmology, University 
of Nottingham, UK. 

AIM: To examine the contribution of infiltrating cells in the local production of cytokines 
within the yitreous of patients with proliferative vitreoretinopathy (PVR)^ METHODS: 
The presence of mRNA coding for IL'-6, IL-8, IL-lbeta, IL-1 alpha, TNFalpha, 
IFNganmia, IL-12, and HPRT was investigated in 25 vitreous samples from patients with . 
PVR, 1 1 vitreous samples from patients with retinal detachment (RD) not complicated by 
PVR, and 10 vitreous samples fi*om patients with macular hole (MH). A quantitative 
reverse transcriptase polymerase chain reaction (RT-PCR) using an internal competitor 
was used to investigate these sainples. From these samples, 15 PVR, 8 RD, and 8 MH 
were analysed for the protein levels of the same cytokines using eniyme linked 
immunosorbent assay (ELISA). Spearman correlation was used to test any association 
between mKNA and cytokine protein levelspas an indicator of the contribution these cells 
make to the intravitreal cytokine milieu. RESULTS: A strong correlation was found 
between mRNA and their respective cytokine levels .(protein products) for lL-6, IL-8, IL- 
lbeta, IL-1 alpha, TNFalpha, IFNgamma (Spearman r = 0:83, 0.73, 0.67, 0.91, 0.73, and 
0.73 respectively), but not for lL-12. The rnedian levels of IL-6, IL-8, IL-lbeta, and 
IFNgamma mRNA and their respective cytokines were significantly higher (p <0.05) in 
patients with PVR than in those with macular' hole. There was no statistically significant 
difference in the median levels of IL- 1 alpha mRNA between PVR and MH but the 
cytokine IL-1 alpha was detected at a significantly higher level in PVR compared with 
MH patients. Between PVR and RD patients, there was no statistically significant 
difference in mRNA levels for all the investigated cytokines (p >0.05) except for IL-6 
where there was a statistical significance (p= 0.038). In contrast, the median levels of IL- 
6, IL-8, and IL-lbeta cytokines were significantly higher (p <0.05) in patients with PVR 
than in those with RD, whereas for IL- 1 alpha and IFNgamma no significant statistical 
difference was detected between PVR and RD patients (p >0.05), When results of RD 
and MH patients were compared, a statistical difference was only detected in mRNA 
levels of INFgamma (p = 0.008). However, no difference was detected for INFgamma 
(protein product) or for any of the other cytokines between RD and MH patients. 
CONCLUSION: Levels of both protein and mRNA encoding lL-6, lL-8, IL-lbela, and 
IFNgamma is significantly increased in vitreous samples from patients with PVR. The 
strong correlation between ELISA detectable C34okiries (protein products) and Uieir 
respective mRNA levels suggest that intravitreal, invasive cells are the major source of 
these cytokines, with the exception of lL-1 2. Cells invading the vitreous do not appear to 
locally produce lL-12 mRNA. This would appear to implicate cells peripheral to the 



vitreal mass as the major source of this cytokine. 
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Modulation of the glutamatergic receptors (AMPA and NMD A) and of glutamate 
vesicular transporter 2 in the rat facial nucleus after axotomy. 

Elcorc L, Vassias I . Vidal PP . de Wade C . 



LNRS (CNRS-Paris V), ESA 7060. Centre Universitaire des Saints-Peres, 45 rue des Saints- 
Peres, 75270 Paris Cedex 06, France. 

Facial nerve axotomy is a good model for studying neuronal plasticity and regeneration in the 
peripheral nervous system. We investigated in the rat the effect of axotomy on the different 
subunits of excitatory glutamatergic AMPA (GLuRl-4), NMDA (NRl, NR2A-D) receptors, post- 
synaptic density 95, vesicular glutamate transporter 2, beta catenin and cadherin. mRNA levels 
and/or protein production were analyzed 1 , 3, 8, 30 and 60 days after facial nerve axotomy by in 
situ hybridization and immunohistpfluorescence. inRNAs coding for the GLuR2-4, NRl, NR2A, 
B, D subunits of glutamatergic receptors and for post-synaptic density 95, were less abundant after 
axotomy. The decrease began as early as 1 or 3 days after axotomy; the mRNAs levels were 
lowest 8 days post-lesion, and returned to normal or near normal 60 days after the lesion. The 
NR2C subuhit mRNAs were not detected in either lesioned or intact facial nuclei. 
Immunohistochemistiy using specific antibodies against GLuR2-3 subunits and against NRl 
confirmed this down-regulation. There was also a large decrease in vesicular glutamate transporter 
2 immunostaining in the axotomized facial nuclei at early stages following facial nerve section. In 
contrast, no decreaseof NR2A subunit and of post-synaptic density 95 could be detected at any 
time following the lesion, "beta Catenin and cadherin immunoreactivity pattern changed around the 
cell body of facial motoneuron by day 3 after axotomy, and then, tends to recover at day post- 
lesion 60 days. Therefore, our results suggest a high correlation between restoration of 
nerve/muscle synaptic contact, synaptic strucnare and function in facial nuclei. To investigate the 
mechanisms involved in the change of expression of these proteins following axotomy, the facial 
nerve was perfused with tetrodotoxin for 8 days. The blockade of action potential significantly 
decreased GLuR2-3, NRland NR2A mRNAs in the ipsilateral facial nuclei. Thus, axotomy- 
induced changes in mRNA abundance seemed to depend partly on disruption of activity. 
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Altered levels of scavengiug enzymes in embryos subjected to a diabetic 
environment. 

Forsberg H, BorgJLA, Cagliero E. Eriksson UJ . 

Department of Medical Ceil Biology, Univereity of Uppsala, Sweden. 

Maternal diabetes during pregnancy is associated with an increased rate of congenital 
maJfomations .n tlxc offspring. The exact molecular etiology of the disturbed 
embryogenesis is unknown, but an involvement of radical oxygen species in tlie 
teratological process has been suggested. Oxidative damage presupposes an imbalance 
between he activity of the free oxygen radicals and the antioxidant defence mechanisms 
on the cellular level. The a.m of the present stady was to investigate if maternal diabetes 
m VIVO, or high glucose in vitro alters the expression of the free oxygen radical 
scavenging enzymes superoxide dismutase (CuZnSOD and MnSOD), catalase and 
glutathione peroxidase in rat embryos during late organogenesis. We studied offspring of 
normal and diabetic rats on gestational days 1 1 and 12, and also evaluated day-1 1 
embryos after a 48 hour culture period in 10 mM or 50 mM glucose concentration Both 
maternal diabetes and higl, glucose culture caused growtli retmdation and increased rate 
ot congenital malfomialions in the embryos. The CuZnSOD and MnSOD enzymes were 
expressai on gestational day 1 1 and both CuZnSOD, MnSOD and catalase were 
expressed on day 1 2 with increased concentrations of MnSOD franscripts when 
challenged by a diabetic milieu. There was a good correlation between mRNA protein 
and activity levels, suggesting that the regulation of these enzymes occurs primarily at 'the 
pretranslational level. Maternal diabetes in vivo and higli glucose concentration in vitro 
induced mcreased MnSOD expression, concomitant with increased total SOD activity 
arid a tentative decrease in catalase expression and activity in the embryos These ' 
imdmgs support the notion of enhanced oxidative stress in the embryo as an eliologic 
agent in diabetic teratogenesis. 
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Iiiduclion of the estrogen receptor by growth hormone and ghicocorticoid 
substitution in primary cultures of rat hcpatocytcs. 

Frevschuss B , Stavrcus-Evcrs A , Sahbn L , Eriksson H . 

Department of Reproductive Endocrinology, Karolinska Hospital, Stockliolm, Sweden. 

Hepatic estrogen receptors (ER) mediate estrogenic effects on manunalian liver 
metabolism and are tliereby involved in tlie regulation of important 
physiological/pathological processes, such as coagulation, atherosclerosis, and 
hypertension. The regulation of the fomiation of the ER in primary cultures of rat 
hepatocytes was studied by assaying ER and ER rixRNA under different endocrine 
conditions. The ER concentration was measured using two different methods, a ligand- 
binding teclmique and an ER enzyme inrimunoassay. The results obtained by the two 
methods showed good correlation, and linear regression analysis gave a correlation 
coefficient of 0,95, ER concentrations fell to low steady state levels within 16 h after 
establishing the cell culture and remained low in the absence of hormonal substitution. 
Upon medium supplementation with pituitary GH and the glucocorticoid dexamethasone 
(DEX) in combination, the ER concentration increased 6-fold from 4.2 1 .0 to 25.8 +/- 
7.0 fmol/mg cytosolic protein. ER rhRNA was measured by solution hybridization. 
Substitution with GH and DEX in combination increased ER mRNA to 210 +/- 14% of 
control levels. No effect on ER mRNA stability was seen after hormone treatment. It is 
concluded that the regulatory effects of GH and DEX on the hepatic ER in tliis in vitro 
system are very similar to the effects of these hormones under in vivo conditions. The 
inducible expression of the ER has never before, to our icnowledge, been demonstrated in 
any mariimahan liver cell culture system. 
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Cyclin Dl-ncgative rnantle cell lymphoma: a clinicopathologic study based on 
gene expression profiling. 

FuK, Wcisenbm :gerDD, GrcirierTC, Dave Wright G. Roscnwald A , Chiorazzi M . IqhM 
J, GeskS, SkbcrMR, DcJongD, JaffeES . Wilson WH , Delahie J . OUG, Dave BJ . Sanger 
WG, Smith LM , Rimsza BrazicI RM , Mulier^Tcrmclink HK . Camp o E, Gascovne RD . 
Stau4t X^M , Chan WC; Lym phoma/Leukemia Molecular Profiling Proji^rj 

Department of Patliology and Microbiology, University of Nebraska Medical Center 983135 
Nebraska Medical Center, Omaha, NE 68198-3135, USA. kfli@uninc.edu 

Cyclin Dl overexpression is believed to be essentialin tlie pathogenesis of mantle cell lymphoma 
(MCL). Hence, the existence of cyclin Dl -negative MCL lias been controversial and difficult to 
substantiate. Our previous gene expression profiling stndy identified several cases that lacked 
cyclin Dl expression, but had a gene expression signature typical of MCL. Herein, we report the 
clinical, pathologic, and genetic featur-es of 6 cases of cyclin D I -negative MCL. AW 6 cases 
exliibited the characteristic morphologic features and the unique gene expression signature of 
MCL but lacked the t(l I;I4)(ql3; q32) by fluorescence in situ hybridization (FISH) analysis. The 
(uinor cells also failed to express cyclin Dl protein, but instead expressed either cyclin D2 (2 
c^ses) or cyclin D3 (4 cases). There was good correlation between cyclin D protein expression and 
the corresponding mJRNA expression levels by gene expression analysis. Using interphase FISH, 
we did not detect cliromosomai translocations or amplifications involving CCND2 and CCND3 ' 
loci in these cases. Patients with cyclin Dl -negative MCL were similar clinically to those with 
cyclin Dl -positive MCL. In conclusion, cases of cyciiji Dl -negative MCL do exist and are part of 
tlie spectrum of MCL. Up-regulation of cyclin D2 or D3 may subslit^ite for cyclin Dl in the 
pathogenesis of MCL. 
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Oxytocin receptors in boviue cervix; distribution and geue expression 
during the cstrous cycle. 

Fuchs AR . [yell R , Fields PA, Chang SM Fields MX 

Depattrnent of Obsletrics.and Gynecology, Cornell University Medical Collere New 
York, New York 10021, USA. 

Oxytocin (OT) receptor (OTR) concentrations were determined in the cervix of 
nonpregnant cows on cycle Days 0, 3, 7-8, 17, and 19 (n - 3-4 cows each day); [3HJ0T 
was used as the labeled ligand. Mucosal and muscle layers of the cervix were also 
analyzed separately for both ligand binding and expression of tlie OTR gene using a 
newly developed RNase protection assay (RAP). Cellular localization of OTR protein 
was determined by imraunohistochemistry. All regions of cervix from cows at estrus had 
liigh concentrations of OTR; in tlie luteal phase, all were sharply dovvn-regulated. At 
estrus the mucosal layer had about 30-fold higher concentrations than the muscle layer, 
OTR mRNA was readily detected by RAP in the mucosa from estrous cows, while much 
weaker signals were found in the muscia On Days 7-17, the OTR mRNA signals in both 
mucosa and muscle were very faint or nondetectable. Thus, there was a good correlation 
between ligand binding and mRNA expression, which suggests that OTR concentrations ■ 
are mainly regulated at the transcriptional level. The epithelial cells at the luminal surface 
of the mucosa were the piincipal site of immunoreacti ve OTR; muscle cells showed 
significantly weaker signals. Previously, OT was found to stimulate prostaglandin (PG) 
E2 outi^ut in vitro in bovine cervical tissues. Since PGE2 is capable of softening the 
cervix, our findings suggest that OT may have a novel physiological function to cause 
softening of the bovine cervix mediated by the release of PGE2. 
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Silencing of the Ihrombomodiiliu geue in human malignant melanoma. 

FuriitaJ, KgHcda A. Umcbavashi Y. Qtsuka F. Siiglinura T . Usiihiina T . 

Carcinogenesis Division, National Cancer Center Research Institute. Tokyo. Japan. 

The loss of thrombomodulin (TM) expression is associated with tumour growth 
uifihration and lymph node metastasis in human tumours, fn melanoma cell Vmcs TM is 
reported to mediate cell adhesion, and its introduction into TM-negative melanoma cell 
hnes suppresses their growth, h this study, we analysed TM expression in surgical 
melanoma specmiens arid the role of its promoter methylation in the loss of its 
expression. In 15 (75%) of the 20 specimens (five from a primary site and 15 from 
metastatic sites), melanoma cells lacked TM immunoreactivity. Methylation of die TM 
promoter region was detected in 1 0 (67%) of the 1 5 TM-negative specimens by 
^aS'^p""'^'^'"^'' polymerase chain reaction, whereas methylation was detected in two 
(40 /o) of the five TM-positive specimens. In cell lines, complete methylation of the TM 
promoter CpG island was detected in six (46%) of 13 melanoma cell lines, whereas no 
methylation was detected in two cultured nomial melanocytes. There was a good 
con-elation between the methylated stains of the CpG island and the loss of TM 
messenger RNA (mRNA) expression. Treatment of melanoma cell lines with a 
demethylatmg agent, 5-aza-2'-deoxycytidine, induced dcmeaiylation of the promoter 
CpG island and the restoration of mRNA and protein expression. These findings suggest 
Hiat most human melanomas lack TM expression, and that metliylation of the promoter 
CpG island is one of the mechanisms responsible. 
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A sauipling of the yeast proteome. 

Futcficr Latter Gl, Monardo \\ McLaughlin CS . Can els SI . 

Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 1 1724, USA. 
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In this study, we examined yeast proteins by two-dimensional (2D) gel electrophoresis 
and gathered quantitative information from about 1,400 spots. We found that there is an 
enormous range of protein abundance and, for identified spots, a good correlation 
between protein abundance, mRNA abundance, and codon bias. For each molecule of 
well-translated mRNA, there were about 4,000 molecules of protein, Tlie relative 
abundance of proteins was measured in glucose and ethanol media. Protein turnover waj 
exammed and found to be insignificant for abundant proteins. Some phosphoproteins 
were identified. The behavior of proteins in differential centrifiigation experiments was 
examined. Such experiments with 2D gels can give a global view of the yeast proteome. 
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A Sampling of the Yeast Proteome 

B. FUTCHER;* G. i, LAITER/ F. MONARDO/ C S. McLAUGHUN,^^ and J. 1. GARRELS=» 
Co/rf Spiing Harbor Laboratory, Cold Spring Harbor, New York 11724^; Department of Biological Chemistry, 
University of California, Irvine, California 927 J 7%- and Proteome, Inc, Beverly, Massachusetts 01915^ 

Received i 5 June 1999/Relurjied for modification 16. July 1999/Accepled 28 July 3999 

)n Ibis study, >ye examined yeast proteins by two-dimensional (2D) gel eJeclropboresis and gathered quan- 
titative information from about 3,400 spots. We found that there is an enormous range of protein abundance 
and, for identified spots, a good correlation between protein abundance, mRNA abundance, and codon Mas. 
For each molecule of well- translated mRNA, there were about 4,000 molecules of protein. The relative 
abundance of proteins was measured in glucose and ethanol media. Protein turnover was examined and found 
to be insignificant for abundant proteins. Some phosphoproteins were identified. The behavior of proteins in 
dilferential centrifugalion experiments was examined. Such experiments >vith 2D gels can give a global view of 
the yeast proteome. 



The sequence of the yeast genome has been delerrnined (9). 
More recently, the number of mRNA molecules for each ex- 
pressed gene has been measured (27, 30). The next logical level 
of analysis is that of the expressed set of proteins, "we have 
begun to analyze the yeast proteome by using two-dimensional 
(2D) gels. . 

2D gel electrophoresis separates proteins according to iso- 
electric point in one dimension and molecular weight in the 
other dimerision (21), allowing resolution of tliousands of pro- 
teins on a single gel. Although modern imaging and computing 
techniques can extract quantitative data for each of the spots in 
a 2D gel, there are only a few cases in which quantitative data 
have been gathered from 2D gels. 2D gel electrophoresis is 
almost unique in its abiiiry to examine biological responses 
over thousands of proteins simultaneously and should there- 
fore allow us a relatively comprehensive view of cellular me- 
tabolism. 

We and others have worked toward assembling a yeas! pro- 
tein database consisting of a collection of identified spots in 2D 
gels and of data on each of these spots under various condi- 
tions (2, 7, 8, 10, 23, 25). These data could then be used in 
analyzing a protein or a metabohc process. Saccharomyces 
cerevisiae is a good organism for this approach since it has a 
well-understood physiology as well as a large number of mu- 
tants, and its genome has been sequenced. Giveri the sequence 
and the relative lack of introns in S. ceremiae, it is easy to 
predict the sequence of the primary protein product of rnost 
genes. This aids tremendously in identifying these proteins on 
2D gels. 

There are three pillars on which such a database rests: (i) 
visualization of many protein spots simultaneously, (ii) quan- 
tification of the protein in each spot, and (iii) identification of 
the gene product for each spot. Ouj first efforts at visualization 
and identification for 5. cerevisiae have been described else- 
where (7, 8). Heic we desciibe quanlilative dnia for these 
proteins under a vaiiety of cxpeiinicntal conditions. 

NL\TERIALS AND !\IEI )IOI>S 
Strains nir>J pnriJia. 5. cert-yiune \\'3()3 {MATn nde2-} his3-}},}5 leu ^-3. JJ7 
trphl urnS-J cuni-JOO) ^v:i> ir.u J (26). - Mt t YNI3 (yt-iiM ninoyf n b;>se) mclhum 
w:is L7 g ot YNB (Di(co) pci liin. 5. i: of •jmnu^umm Milhiie per llicr, ynd 



* CoijespondiDg :iuthoj. M;hIIm«^ ndtlftrss; Cold Spiing Uniboj Lob- 
oj:Uoiy, Cold Spjing H:uboi, NY J 1724. Phone; (510) 367-t{828. Fax- 
(M6) 367-8369. ti ninil: fu)( hcj(r/:olil.nff:. 



adcr>inc, uracil, and all amino acids except methionine; -Jvjet.-C^s YNB me- 
dium was the same but wittioul methionine or c>*sleinc. Medium was supptc- 
mcnled with 2% glucose (for most experiments) or with 2% clhanol (for clhanol 
experiments). Low-phosphate YIEPD was described by Warner (28). 

liolopic labeh'ng ofyrasl and preparation of cell rxiracls. Yeast strains were 
labeled and proteins were cxtracicd as described by Carrels et at. (7, 8). Bricfl>\ 
ccHs were grown to 5 X JO'' ceJIs per ml. ai 3(rC; I ml of culture was transferred 
to a fresh lube, and 03 mCi of ("^Sjmelhioninc (eg.. Express protein labeling 
mix; New England Nuclear) was added to this I-ml culture. The cells were 
incubated for a further JO lo 15 min and then iranslerrcd lo a ) J-mJ micioceo- 
trifugc tube, chilled on ice, and harvested by ccntr/fugation. The supcrnatimt was 
removed, and the cell petlel wits resnspended in 100 ^il of lysis buffer (20 mM 
Tris-HCI [pH 7.6|, JO mM NaF, 10 mM sodium pyrophosphate, 0.5 mM EDTA, 
0.1% dco:tycholate: just Ijefojc use, phcnylmethylsulfonyt fluoride wns added to 
J mM, leupeptin was added to I »ig/ml, pcpstatin was added to 1 ng/mt, tosyl- 
sulfonyl phcnylalanyl chloromethyl ketone was added to 10 Mg/ml, and .soybean 
iiy psin inhibitor was added to 10 ng/ml). 

The rcsuspcndcd cells were transferred to a .-uijcw-cup J.5-ml polypropylene 
lube containing 0.23 g of glass beads (03-mm diameter; Biospec Products) or 
0.4Dg of zirconia beads (Oo-mm dianjeier; Biospec P(oducis). After ihc cap was 
secured, the tube was inserted into a MiniBeadbeaicr 8 (Biospec Products) and 
shaken at medium high speed at 4°C for 1 min. Breakage was typically 75%. 
Tubes wcie then spun in a mtcroccntiifuge for JO s at 5,000 X ^ ai 4"C. 

With a very fine pipette tip, liquid was withdrawn frorn the beods and trans- 
fcned to a picchillcd 1.5 mi lube containing 7 ^1 oJ DNasc 1 (0.5 mg/ml; Cooper 
product no. 6330)-RNa.sc A (0.25 mg/ml; Cooper piodtict no. 5679)-Mg (50 mM 
Mgd,) mix. Typically 70 ^ I of liquid was recovered. The mixture was incubated 
on ice for 10 min to allow the KNasc and DNase lo work. 

Ne.it, 75 mI of 2X dSDS (2x dSDS is 06% sodium dodccjl sulfate (SDSJ, 2% 
mercaptocthanol, and 0.1 M Tris-HO |pH 8}) was added. The tube was plunged 
into boiling water, incubated for I min, and then plunged into ice. After cooling, 
the tube was ccntrifugcd ot 4'C for 3 min al 14,000 X g. The supernatant was 
rransfcncd lo a ficsh tul)c and ht>zen al -70°C. About 5 pi of this supernatant 
was used for each 2D gcj. 

2D polracrvlamidf pi Is. 2D gets were made and run as described elsewhere 

Imogr analysis of the grls. The Ouesf II software system was used for quan- 
titative image analy.sis (20, 22). Two techniques were used lo rolled quantitative 
data lor analysis by Ouesl Jl software. First , before the ad\'cnt ol phosphor im- 
agers, gels were diied and fluorogiaphcd. Each gel was exposed lo (ilm for three 
d I He J cm times (typically 1 day, 2 weeks, and 6 weeks) to i^CIea^e I he dynamic 
lanu-e of ihc data. The films wcie scanned along wiih calibration strips to iclaie 
him opiiral dciiMly to disinlegialions per minute in Ihc ^cls and analyacd by the 
software toolnaiii a I in ear relalion.ship be I wren disintegrations per minute in the 
.^pois and opiical densities of the Aim images. The quantitative data arc e.n- 
piesscd as pans pci million ol the toial celJulai piotcin, T}m *'ufuc is calculaitd 
from the disinregrations per minute of the sample loaded onto the gcl and by 
comparing the film dcii>ify of each data spot with density of the film over the 
calibration 51^ip^ of known i adioaciivity exposed lo the same film. 'ITils yields the 
(liMnicjriarioiiN pci ininuie (>ci njillimerer fui each spot on the gel and ihtncc iis 
pans- pti-minule vaUic. 

Aliti Ihc advfnt ot phosphor imaging, gels bearine ^-Slabcled pioirins weic 
c;(poNcd to phosphor image I .scictris and .scanned by a Fuji phosphor imager. 
f)l>it ally lof rwo t\vpo>.rics pe» gd. Calibiation .vfrips of known radioactiviry wcic 
c>pos<rd.sin)ull;intoiiily. Sv.m &jt:t tiom ibc phosphoiimagti a^sirlJi):lle(i r>y 
Ouf.^l J I .Mi/rwiijt:, :»»() qwan III alive da I a wcie iccoidcd (or the ^J)0^5 on I tic gels. 
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M ensure m mis of prolrin turnover. Cells in exponent bl phiisc were pulsc- 
lahclcd wirh p^S)mcihionine, excess cold Met and Cys were added, and samples 
of equal volume were taken from ihc culture at intcrvah up to 90 min [in one 
experiment) or up lu )60 n>in (in a second experiment). Jncprporalton of ^^S into 
protein was essentially iOO% by the first sample (JO min). Extracts were made, 
and equal (Tactions of the samples were loaded on 2D gels (i.e., the ditfcrent 
samples had difTejcnt amounts of protein but equal amounts of "^^S). Spots were 
qtiantitalcd with a phosphor) maging and Quest software. 

The soflwaic was queried for spots whose radioactivity decrea.sed through the 
time course. The algorithm examined all data points foi all spot.s drew a best-fit 
line through the data points, and looked for spots where this line had a statis- 
tically significant negative slope. In one of the experiments^ there was one such 
spot. To the eye, this was a minor, unidentified spot seen only in the first two 
samples (10 and 20 min). In the other expciimenl, the Quest sofra'arc found no 
spots meeting the criteria. Therefore, we concluded thai none of the identified 
spots (and all but orte of the visible spots) represented proteins with long 
halMives- 

Ctntrifugal fractionation. Cells were labeled, harvested, and broken with glass 
beads by the standard method described abcFve except that no detergent (i.c., no 
deo.xychoIattf) was present iii the l>*5is bujfer. The crude fysaxc was cleared of 
. unbroken cells and large debris centrifugation al 300 X g for 30 s. The 
supernatant of this ccntrifugalton was therj spun at 16,000 X ^ for 10 min to give 
the pellet used (or Fig. 6B. The supernatant of the 16,000 X g, JO- min spin ^vas 
then spun at JOO.OOO x g for 30 min to gH-c the supernatant used for Fig. 6A. 

Protein abuntlancr calculations. A haptoidycasi cell contains about 4 X 10~" 
g of protein (J, 15). Assuming a mean protein mass of 50 kDa, there arc about 
50 X JO*^ molecules of protein per cell. There are about 1.8 methionines per JO 
kDa of protein mas."t, which implies 4^ X 10" molecules of methionine per cell 
(neglecting the small pool of free Met). We nricasuied (i) the counts per minute 
in each spot on the 2D gels, (ii) the total number of counts on each gel (by 
integrating counts over the entire gel), and (iii) the lota! nurr)ber of counts 
loaded on the gtl (by .scintillation counting of the original sample). Thus, we 
know what fraction of the total incorporated radioactivity \i preser)! in each spot. 
After concciing for the methionine (and cysteine [sec below)) content of each 
protein, we calculated an absolute number of protein molecules based on the 
fraction of ladroaciiviiy in each spot and on 50 X 10* total molecuks per cell. 

The labeling mixture used contained about one-fifth as much radioactive 
cysteine as radioactive methionine. Therefore, the number of o-stcine molecules 
per protein was also taken into account in calculating the number of molecules 
of protein, but C)'5 molecules were weighted onc-fi/d) as heavijv as Met mole- 
cules. 

mItNA abundance calculations. For estimation of roRNA abundance, we used 
SAGE (serial analysis of gene expression) data (27) and A(f)'meiTix chip hybrid- 
ization data (29a, 30). The mRNA column in Table I >h«>w.^ mRNA abundance 
calculated from SAGE data alone. However, the SAGE data cnriKr liom cells 
growing in YEPD medium, whcicas our protein mcasuiemfnis were from cells 
growing in YNB medium. In addition, SAGE data for low- abundance mRNAs 
sulfeis from slatisiicat vaiiaiion. 'niereforc. wc also used chip hybridization data 
(2ya,:^0) foi njRNA horn cells giown in YNB. These hybridization data also had 
disad>*iiniagcs. First, Ihc amounts of high-abundance tnRt^As were sysfcn)ati- 
cally ondcresiimarcd, piobably because of saturation in the hybridizations, which 
used 10 pg of cRNA. For example, the abundance oi ADHl mRNA was 197 
copies per cell by SAGE but only 32 copies per cell by hybridization, and the 
abundance of EN07 mRNA was 248 copies per cell SAGE but only 4J by 
hybridization. When the amount of cRNA used in the hybridization was reduced 
to I pg, the apparent amounts of mRNA were similar to the amounts dcicrrrrined 
by SAGE (29a, 29b). However, experiments using J pgof cRNA have been done 
for only some genes (29a). Because amounts of mRN/\ were normalized to 
15,000 per cell, and because the amounts of abundant mRNAs were underesti- 
mated, there is a 2.2-fold overestimate of. Ihc abundance of nonabundani 
mRNAs. Wc calculated this (actor, of 22 by adding together the number of 
mRNA molecules from a large nun)bcr of genes expressed at a low level (or both 
.SAGE daia and hybridization data. Tbe sum for the same genes from hvbrid- 
iiation data is 2.2-(o!d greater than thai from SAGE data. 

To rake iT>lo account ihe.^e dilficulrics, we compiled a list ot "ad|usicd" mRNA 
ahundani e as follows. For all high- abundance mRNAs of our identified pn>tcins. 
wc used SAGE daia. For all of these panicular mRNAs, chip hvb/idizaiion 
.^upge.Med ihai mRNA abundance was the same in VEPD and YNb' media. For 
medium- jt)undancc mRNAs, SAGE duia wcic u.sed, but when bybiidization 
data showed a sigtirfrcani diflercncc bcr\yeen YEPD and YNB, then ihc SAGE 
data neic adjtiifcd by I he nppiopiiatc factor. Finally, Jor Iow.;,bundance 
mRHAs, we used data (rom chip hybridizations from YNB medium but divided . 
by 2.2 to normalize to the SAGE results. 'I^bcsc calculations wcie completed 
without Tclejcnce to protein ahundancc. 

CAI. The codon adaptation index (CAl) was taken from Phe yeas I proicorr.c 
database ( YFO) ()3), lor which Calculations were made accoidini; to Shajp and 
L» (24). Brlr/iv, ihc index uics a re-lt-rfnce set ot hithly f3<pn:«td «^•(u•^ lo j.s-^i^n 
a value to each <Oi}^:>n, :»nd du-n a ^corc tor a gene is cnktilaletl bom ihr 
ficqucncy ot use ol ihc vjjious codons in that |;cur (2-t). 

SlaliMici*! Kf.yly.M.s. The .IMP piogiym wj.v ti.wil with )he :iid ot T. Tultv. The 
J MP p'Oltjui .^howfd that milhci mRNA nr.i pruiein -..bitnd;.»ui's v^til- n.ii. 
mjlly disiiibntcd; ihcu loitf, Spfinman T;inl( conrbiion ioi-lli, itnt.v (/,) "t u- 



calculated- The roRNA (adjusted and unadjusted) and protein, data were also 
transformed so that Pearson product-moment conclation cocffiticnts (r^) could 
be calculated. First, this was dorrc by a Box- Cox transformation of log- trans- 
formed data. This transformation produced normal dtslribu lions, and an r of 
0.76 was achieved. However, because the Box- Cox transformation is complex, wc 
also did a simpler logarithmic transformation. This produced A normal distribu- 
tion for the protein data. However, Ihc distribution for the mRNA and adjusted 
mRNA data was close to, but not quite, normal. Nevertheless, wc calculated the 
and found that it was 0.76, identical to the cocificienl from the Box-Cox 
transformed data. We ihe^eloxc believe thai this correlation coefficient is not 
misleading, despite Ihc fact ihai the log(mRNA) distrr"bution is not quite normal. 



RESULTS 

Visualizalion of 1,400 spots on three ge) systems. Yeast 
proteins have isoelectric points ranging from 3.1 to 12.8, and 
masses ranging from less than 10 kDa lo 470 kDa. It is difficult 
to examine all proleins on a single kind of gel, because a gel 
vi^ilh tbe needed range in pj and mass would give poor resolu- 
tion of the thousands of spots in the central region of the gel. 
Therefore, we have used three gel systems: (i) pH "4 to 8** with 
10% polyacrylamide; (ii) pH "3 to 10** with 10% polyacryl- 
amide; and (iii) nonequilibrium with 15% poJyaciylamitje (7, 
8). Each gel syslem allows good resolution of a subset of yeast 
proteins. 

Figure 1 shows a pH 4-8, 10% polyacrylamide gel. the pH 
at the basic end of the isoelectric focusing gel cannot be main- 
lained throughout focusing, and so the proleins resolved on 
such gels have isoelectric points between pH 4 and pH 6.7. For 
ibese pH 4-8 gels, we see 600 lo 900 spots on the best gels after 
multiple exposures. 

The pH 3-10 gels (not shown) extend I he pi range somewhat 
beyond pH 7.5, allowing detection of several hundred addi- 
tional spols. Filially, we use nonequilibrium gels with 15% 
acrylamide in the second dimension. These allow visualizalion 
of about 100 very basic proteins and about 170 small proteins 
(less Ihan 20 kDa). In total, using all three gel systems, about 
1,400 spots can be seen. These represent aboul 1,200 different 
proteins, which is about one-quarler lo one-lhird of the pro- 
teins expressed under these conditions (27, 30). Here, we focus 
on tlie proteins seen on Ihe phi 4-8 gels. 

Although nearly all e.xpressed proteins are present on these 
gels, the number seen is limited by a problem we call coverage. 
Since Ihere are thousands of proteins on each gel, many pro- 
leins comigrate or nearly comigraie. When two proleins are 
resolved, but are close together, and one protein spot is much 
more intense than the other, a problem arises in visualizing Ihe 
weaker spot: at long exposures when the weak signal is strong 
enough for detection, the signal from the strong spot spreads 
and covers the signal from Ihe weaker spot. Thus, weak spots 
can be seen only when they are well separated from strong 
spots. 

For a given gel, Ihe number of delcclable spots initially rises 
with exposure time. However, beyond an optimal exposure, Ihe 
ntirnber of distinguishable spots begins to decrease, because 
signals iiom strong spots cover signals from neurby weak spots. 
Al long exposures, the whole auioradiogram turns black. Thus. 
I he re is an optimum exposure yielding ihe maximum number 
of spols, and :it Ihis exposure the weakest spots are not seen. 

Largely because of the problem of coverage, the proleins 
.seen ;ue strongly biased tow.-ud abundant pioteiits. Ail identi- 
fied proleins have a CAl of 0.18 or more, and wc have iden- 
tified no Iransciipiion factors or piotein kinases, which arc 
nonrtbundanl prole ins.. Thus, this technology is useful for ex- 
atnininj^ protein synthesis, :tniii)o acid nKMabolisni, and glyco- 
lysis bul not for examining tr:tn-soiplion, ONA rcplic;ilioit. oi 
ihc cell cvclc. 
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Spot identification. The identification of various spots has 
been described elsewhere (7, 8). At present, 169 different spots 
representing 148 proteins have been identified. Many of these 
spots have been independently identified (2, 10, 23, 25). The 
mam method.s used in spot identification have been analysis oi 
amino acid composition, gene over expression, peptide se- 
quencing, and mass spectrometry. 

Pulse-cbase experiments and protein turnover. Pulse-chase 
experiments were done to measure protein haJf-Jives (Materi- 
als and Methods). Cells were labeled with p^SJmethionine for 
lOniin, and then an excess of unlabeled methionine was added. 
Samples were (alien at 0, 30, 20, 30, 60, and 90 min after the 
beginning of (he chase. Equal amounts of ^^S were loaded from 
each sample; 2D gels were nm, and spots were quanlilated. 
Surprisingly, almost every spot was nearly constant in amount 
of radioactivity over the entire time course (not shown). A few 
spots shifted from one position to another because of post- 
translalional modifications (e.g., phosphorylation of RpaO and 
Eftl). Thus, the proteins being visualized are all or nearly all 
very stable proteins, with halMives of more than 90 min. Gygi 
et al. (10) have come to a similar conclusion by using thc.N-end 
rule to predict protein half-lives. This result does not imply 
that all yeast proteins are stable. The proteins being visualized 
are abundant proteins; this is partly because they are stable 
proteins. 

Protein (jiianlitation. Because all of the proteins seen had 
effectively the same half-life, the abundance of each protein 
was directly proportional to the amount of radioactivity incor- 
porated during labeling. Thus, after taking into account the 
total number of protein molecules per cell, the average content 
of methionine and cysteine^ and the methionine and cysteine 
content of each identified protein, we could calculate Ihe abun- 
dance of each identified proiein (Tables 1 and 2; Materials and 
Methods). About 1,000 unidentified proteins were also quan- 
tified, assuming an average conleni of Met and.Cys. 

Many proteins give multiple spots (7, 8). The contribution 
from each spot was summed to give the total proiein amount. 
However, many proteins probably have minor spots that \vc are 
not aware of. causing the amount of proiein to be underesti- 
mated. 

When Ihe proteins on a pM 4-8 gel were ordered by abun- 
dance, Ihe most abundant protein had 8,904 ppm, the lOlh 
most abundant had 2,842 ppm, the lOOth most abundant had 
314 ppm, the 500th most abundant had 57 ppm, and the 
J,000th most abundant (visualized al greater than'optimum 
exposure) had 23 ppm. Thus, there is more than a 300-fold 
range in abundance among the visualized proteins. The most 
abundant 10 proteins account for about 25% of the total pro- 
tein on the pH 4-8 gel, the most abundant 60 proteins account 
for 50%, and the mo.M abundant 500 proteins account for 80% 
Since it seems likely ihnr the pH 4-8 gels give a representative 
sampling of ail proteins; wc estimate that half of the total 
cellular protein is accounted for by fewer than 100 diflercnl 
gene product.^, piincipaily glycolytic enzymes and proteins in- 
volved in piotein syhihesi.s. 

Correlnlion of proiein abundance with joKNA abundnnre. 
Estimates of niKNA ai>»jnd.'ince for each gene have been made 
by SAGE (27) and by hybridizaiion of cRNA to oligonncleo- 
tide arrays (30). These two methods give broadly similar re- 
sults, yet each method has stjcngihs and weaknesses (Materials 
and Methods). Table J lists the nujnbcr of molecules of mRNA 
per cell for each gene .MnUicd. One n)easuremeni (mRNA) 
uses darn from SAGE imalysis alone (27); a second incoipo- 
rares data fmm both SAGH ajul hvbridizaiion (50) (adjusteil 
mRNA) (Table J; Materials and Methods). We coriclaied 
pioiein abundance wiih niRNA abundance (Fig. 2). For ad- 



justed mRNA versus protein, the Spearman rank correlation 
coefficient, r,,.was 0.74 (P < 0.0001), and Ihe Pearson corre- 
lation coefficient, r^, on log Iransforrried data (Materials and 
Methods) was 0.76 (P < 0.00001). We obtained similar corre- 
lations for mRJhIA versus protein and also for other data trans- 
formations (Materials and Methods). Thus, several statistical 
methods show a strong and significant correlation between 
mRNA abundance and protein abundance. Of course, the cor- 
relation is far from perfect; for mRNAs of a given abundance, 
there is al least a 10-foId range of protein abundance (Fig. 2).' 
Some of this scatter is probably due to positranscriplional 
regulation, and some is due lo errors in the mRNA or protein 
data. For example, the protein Yef3 rims poorly on our gels, 
giving multiple smeared spots. Its abundance has probably 
been underestimated, partly explaining the low protein/mRNA 
ratio of YefB. It is the most extreme outlier in Fig. 2. 

These data on mRNA (27, 30) and protein abundance (Ta- 
ble 1) suggest that for each mRNA molecule, there are on 
average 4,000 molecules of the cognate protein. For instance, 
for Actl (actin) there are about 54 molecules of mRNA per 
cell and about 205,000 molecules of protein. Assuming an 
mRNA half-life of 30 min (12) and a cell doubling time of 320 
min, this suggests that an individual molecule of mRNA might 
be translated roughly 1,000 times. These calculations are lim- 
ited to mRNAs for abundant proteins, which are likely lo be 
the mRNAs that are translated best. 

A full complement of cell proiein is synthesized in about 120 
min under these conditions. Thus, 4,000 molecules of protein 
per moletule of mRNA impVics that translation initiates on an 
mRNA about once every.2 s. This is a remarkably. high rale; it 
implies that if an average mRNA bears 10 ribosornes engaged 
in translation, then each ribosome completes translation in 
20 s; if an average protein has 450 residues; this in luin implies 
translation of over 20 amino acids per s, a rale considerably 
higher than estimated for mammalians (3 to8 amino acids per 
s) (18). 'Fhese estimates depend on the amount of mRNA per 
cell (13,27); 

The large number of proiein molecules thai can be made 
from a single mRNA raises Ihe issue of how abundance is 
controlled for less abundant proteins. Many nonabundant pro- 
teins may be unstable, and this would reduce the protein/ 
mRNA ratio. In addition, many nonabundant proteins may be 
translated at suboptimal rates. We have found that mRNAs for 
nonabundant proteins usually have suboptimal contexts for 
Iranslalional initiation. F^or example, there arc over 600 yeast 
genes which probably have short open reading frames in the 
mRNA upstream of Ihe main open reading frame (1 7a). ITiese 
may be devices for reducing Ihe amount of proiein made from 
a molecule of mRNA. 

Corrclalion of codon bias with protein abundauce. The 
mRNAs for highly expressed proteins prefcienlially use some 
codons rnthcr than others specifying the same ajnino acid (14). 
This preference is called codon bias. The codons preferred are 
iho.sc for which the tRNAs are present in lhef;reatesi amonnls. 
Use of these codons may make translation faster or more 
eJhcient and may decrease misincorporaiion. These cflecls are 
mo.M important for the cell for abundant proteins, and so 
codon bias is most extreme for abundant prole ir)S. The effect 
can be dramatic— highly biased mRNAs may use only 25 of Ihe 
.61 codons. 

We asked whether Ihe coi relation of codon bias with abun- 
dance coniinues for medium- abundance pioieins. There are 
various malheniatical expressions qunnli/yinu codon bias; hv.ic, 
we hrive ii.sed the CAI (2-1) (Materials and Methods) bJcan.sJ 
II grvcs a tesull between 0 and I. The for C'Al vcr.sn.s protein 
abundance is 0.80 {V < O.OOOJ). similar lo ihe mRNA-protelri 



TABLE I. Ouantitative data" 



Function 



Carbohydrate metabolism 



Protein synthesis 



Heat shock 



Amino acid synthesis 



Miscellaneous 



Name 


CAJ 


mRNA 


Aujusicu njKri/\ 


Adhl 


0.8] 0 


197 


197 


Adh2 


0504 


0 




Cil2 


0.185 


1 




ErioJ 


0.870 






Eno2 


0.892 


248 




Fbal 


0.868 


17Q 






0-500 




in ^ 


Icll 


0.251 


0 




Pdbl 


0.342 


5 


5 


Pdc) 


0.903 


226 


226 


. Pfk) 


0.465 


5 


5 


Pgil 


0.68 J 


14 


14 


Pycl 


0.260 


1 


0.7 


TalJ 


0.579 


5 


5 


.Tdh2 


0.904 


63 


63 . 


Tdh3 


0.924 


460 


460 


Tpil 


0.817 


NoA^/fl 




rJDJ 


0.762 


33 


16.5 


Eftl,2 


0.801 




ZO 


Prtl' 


0'303 


4 


0.7 


RpaO 


0.793 


246 


246 


Tin ,2 


0.752 


. 29 


29 


Yei3 


0.777 


36 


36 


Hsc82 


0.581 


2 


2.9 


Hsp60 


0.383 


9 


23 


Hsp82 . 


0.517 


2 


13 . 


Hspl04 


0.304 


7 


7 


Kar2 


0.439 


5 . 


. 10.1 


SsaJ 


0-709 


2 


43 


Ssa2 


().802.- 


10 


5 


SsbU 


0.850 


50 


50 


SscJ 


0.52J 


2 


2.6 


SseJ 


0.52J 


8 


8 


Sti) 


0.247 


1 


l.I 



Protein (GIu) (10^) Pioicin (Eth) (JO^ ratio 



Adel 


0.229 


4 


4 


Ade3 


0.276 


2 


1.7 


Ade5,7 


0-257 


2 


J.4 


Ajg4 


0.229 


] 


8.1 


Gdhl 


0.585 


30 


27 


Gbl 


0.524 


11 


IJ 


Bh4 


0.267 


3 


3 


llv5 


0.80] 


6 


6 


Lys9 


0.332 


4 


■4 


Mel6 


0.657 




22 


Pro2 


l).248 


3 


3 


Serl 


0.258 


2 


1.2 


Trp5 


0.3 J 9 


5 


5 


Actl 


0.7)0 


54 


54 


AdkJ 


0.53) 


No Ma 


AId6 


0.520 


3 


3 


Atp2 


0-424 


1 


4.1 


BmhJ 


0.322 


46 


46 


Bmh2 


0.384 


1 


1.4 


Cdc43 


0.306 


2 


. 2.4 


Cdc60 


0.299 


2 


0.86 


Erg20 


0.373 


5 


5 


Gppl 


0.603 


)6 


5 


Gspl 


0.621 


3 


3 


jppi 


0.620 


4 


4 


Lcbl 


0.173 


0.3 


0.8 


Moll 


f).-i23 


0 


0.45 


P:ibl 


0.488 


3 


3 


Psal 


0.600. 


}f) 


15. 


nnr4 . 


0.497 


6 


6 


SamJ 


0.494 


5 


5 


Sam2 


0.497 


3 


15 


Sod] 


0.376 


36 


36 


UbaJ 


0.212 


2 


2 


YKL056 


0.731 


62 


■62 


YLR109 


0.549 


2] 


21 


YMRJ16 


0.777 


41 


41 



1^30 


972 


0.79 


0 


963 


>20 


23 


288' 


12 


410 


974 . 


2.4 


650 


215 


0.33 


640 


608 


0.95 


62 


46 




0 


671- 


>20 


41 


33 




280 


205 • 


0.73 . 


75 


53 


0.7) 


160 


J20 


0.75 


37 


34 




110 


35 




430 


876 


NR 


1,670 


1,927 


NR 


No Mel 


No Mcl 




358 


362 




99 


54 


0.55 


12 


6 




277 


100 


0.36 


233 


106 


0.46 


14 


ND 





1)2 

35 
52 
70 
43 

303 
.233 

270 
68 
96 
25 

14 
12 
14 
41 

148 
77 
15 

152 
32 

190 

30 
15 

28 

205 
47 
181 
76 
191 
134 
32 
6 
92 
234 
1)5 
254 
19 
20 
41 
148 
44 
59 
63 
631 
34 
253 
930 
184 



CA . rncaMMc of coeioii b.a-s, « taken fiom thr YPD. mRNA. nun.bo oi mRNA moftcuks per cell ],on> SACP my 
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YND-.tvicos.: Vnucm (tth), number ot ,m>lccnJ« nf pn>tein pc, cc)l in YNB-cih.noJ; E/G r;.lio, ratio ai protein .-.bundnncc in 
not L-.v.n .( ,1 cto5c to J or tf it ..ys not iepeat:.bJc (NR) in muhiplr t>Hv Son>f gent proJum (e.g Tit] :,rKt T1I2 I t ill --I) , 
^. imncn o. :m mRNA ba.^i^; ihese poofci. No /V/.^ ,I.c,c w., no .Miit.hte AV^JJI ^iK^in fhr .V ,egion of iht .nJ .so ihrV c- 



75 
82 

135 
161 
102 
421 
324 
85 
SO 
48 
44 

27 
9 
4 
41 
55 
104 
■ 23 
109 
17 
80 
12 
8 
32 

164 

43 
159 
109 
137 
147 

26 
2 

39 
158 

39 
147 

40 

16 

19 
56 
37 
21 
20 
618 
20 
112 

40 



0.67 

2.3 

2.6 

2.3 

2.4 

1.4 

1.5 

1.2 

1.7 



1.3 

1.5 

0.7 

0.52 

0.42 



0.78 



1.4 

0-72 



0.34 
0.58 



0.47 



0.44 

0.20 



itiurt gotic p/oi.hKl f<?ntains no mL'thioninc.s. ;inJ 



jtrtinble piuie 



;H)jusicd mRNA, nnmbei of mRNA 
n( molecules of pjoiein per cell in 
clb;mol to ;;Iuro.sc. 'Hie VJG ryiio is 
■vric Oidicull to Jisfini'.ujsh on cilher 
aie no SACK fmRNA dytii; No Met. 
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TABLE 2. Functions of proteins listed in Table 1 



Name- 



yPD liilc lines*' 



AdhJ 

Adh2 

Ci!2 

EnoJ 

Eno2 

Fbal 

Hxk] 

Hxk2 

IcIJ 

Pdbl 

Pdc) 

PflcJ 

Pcil . 

J^cl 

Tall 

Tdh2 

Tdh3 

TpiJ 

Efbl 

Ef!) 

Efr2 
PrIJ 

RpaO (RPPO) 

Tifl 

Tir2 

YeD 



Hsc32 
Hsp60 
]^sp32 
HsplW 

Kar2 

Ssal 
Ssa2 
Ssbl 
Ssb2 
Sscl 

Ssel 
Sti] 

■Adel 

Ade3 

Ade5,7 

Aje4 

Gdh) 

Gini 

HI.V1 . 

Ilv5 

I,y59 
. Mct6 

Pr(>2 
ScfJ 
T;p5 

An J 

Adkl 

Ald6 

Atp2 

Bnih] 

Bnih2 

Cdc48 

CdrCO 

Et^20 

Gpp] (Khr2) 
GspJ 
IppI 
Ub) 

Mon (Thi4) 
Publ 

Psal 
Km4 
SamI 
Sam2 
SodJ 
Ul)j) 

YKL056 



Alcohol dehydrogenase I; cytoplasmic isozyme reducing acctaldehydc lo ctbanol, regencTatin<' NAD* 
Alcohol dehydrogenase II; oxidises ethanol to ace t aldehyde, glucose repressed 

Glrale synthase, perojuisomal (nonmilocbondiial); converts acetyl-CoA and oxaloacctate to citrate plus CbA 
Enolase J (2 phosphoglyceratc dehydratase J; converts 2-phospho-l>-glycerate lo phosphoenolpyruvatc in glycolysis 
Enolase 2 ^-phosphoglyceratc debydralase); converts 2-phospho-i>£lyccTalc lo phosphoenolpyruvatc in glycolysis 
Fructose bisphosphatc aldolase II; sixth step in glycolysis r r rj b j j 

Hexokinase I; converts hexoscs to hexose phosphates in glycolysis; repressed by glucose 

Hexokinase II; converts hexoses to hexose phosphates in glycolysis and plays a regulatory role in glucose repression 
Ispcjirale lyase, peroxisomal; carries out pari of the glyoxylaie cvde; required for eluconeoecnesis 
Pyruvate dehydrogenase complex. El beta subunil 
P)Tuvate decarboxylase iso^me 1 

PbtKphofructokinase alpha subunil, pari of a complex with Pnt2p which carries out a key legulatory step in glycolysis 
Glucose-6-phosphate isomerase, converts g)ua>se-6-phosphate lofruclosc-6-phosphate *^ ^ . . ' 

Pyruvate carbt>xylase 1; converts pyruvate to oxaloacctate for gluconeogenesis 
Transaldolase; componeni of nonoxidalive part of pentose phosphate pathway 

GJyceraldehyde-3-phospha(e dehydrogenase 2; converts D-glycer aldehyde 3-pbosphale lo l^dephosphoglyccrale • 
GlyceraJdehyde-3-phosphate dehydrogenase 3; converts D-glycer aldehyde 3-phospbale to 1,3-dcphosphogfyccraIe 
Tnosephosphale isomerase; inlcrcooverts glyccraldehydc-S-phdSphalc and dihydroxyacelonc phosphate 

Translation clontialion factor EF-lp; GDPyCTP exchange (actor for TefJp/Tef2p 

Transiaiion elongation /actor EF-2; contains diphthamide which is not essential for activity; identical to Efl2p 
Trans alton elongation factor EF-2; contains diphthamide which is not essential for activity; identical to Efllp 
Translation milialion factor eIF3 beta subunil (p90); has an RNA recognition domain 
Acidic ribosomal protein AO • 
Translation initiation factor 4A (elF4A) of the DEAD box family 
Translation initiation factor 4A (eIF4A) of Ihe DEAD box family 
Translation elongation factor EFOA; member of ATP-binding cassette superfamily 

Chaperonin homologous to E. colt HtpG and mammalianHSPyO 

Mitochondrial chaperonin that cooperates with HspJt^; horooJog of E. coli GroEL 

Heat' inducible chaperonin homologous to £ coU HipG and mammalian HSP90 

""l^ilPSn prion c^ Ihermotolerance and for rcsolubilizing aggregates of denatured proteins; important for [psi-J- 

"arldl^nK^s^on^^ — endoplasmic reticulum membrane 

Cytoplasmic chape rone; heal shock protein of the HSP70 family 
Cytoplasmic chapter one; member of the HSP70 family 

Heal shock pjoiein of liSP70 fainilv invoKcd in the translational apparatus 
Heat shock protein of HSP70 family, cytoplasmic 

"^'T^^n^t^o^lX'^ iKc^' p?<;,d;W70 P'^^^ ' ^''^P"""'" '^'^ ^"^"-^'"S Of protein chains 

Heal shock protein of the HSP70 family; multicopy suppressor of mutants wiih hvperactivaied RasAn^clic AMP naibway 
Stress induced protem rcomred lor optimal growth at high and low temperainre;'has letratricopepiide repeats : 

V'^'^^uS^t'!'^!^^^^^ ^^""'^T' '"'"""^ "^^o P""»*^ biosynthesis paihwav 

Lj leirdhydioJoUtc synthase (tnfuncnonal enzvmc), cytoplasmic . . ^ ^ 

PhosphoribosyJamirte-glycine Jigasc plus pbosp'horibosylformvlglvcinamidine cvclo-Iigasc; bifunctional protein 

Arpnmosuccmate lyase; caial}'2cs ihe final step in arginine biosynthesis ' 

Glulamalc dehydrogenase (NADP^); combines ammonia and a-keioglutaraie to form gluiarnale 

Gluiamme synlhctase; combines ammonia lo ^hitamatc in ATP-drivcn reaction 

^^'h.TbPji^n^^^t^^^ ppophosphohydrolase/hislidinol dehydrogenase; 2nd, 3rd, and JO.h steps of 

*^'and m^bioS^ ''''^ rcducioisomerase) (alpha-keto-p-hydioxylao'I) rcducloisomerasc); second step in Val ' 

Hom';i3l^'!^*'^h^^ (NADP\ 1 -glutamale lorming) (saccharopihe reduc.ase), .evenlh step i„ lysine biosvnthesis pathway 

^bJ^^^^^^ (5-mc.hy(lelrabydropleroyl lr.glu.amate-homoc>'steine melhyliransfcrase). methionine synthase, ^ 

7- Glutamyl phosphate leJmlase (pbosphogJutamale dehydrogenase), piolinc biosynihciic en7V^e 
I'hosphoscrmc irimsammase; invoNed in synthesis of serine from 3-pho5phoglyceraic 
Tryptophan synthase, la^il (5th) step in ir>plophan bios)Tilhesis pathway 

Aciin; involved in cell polarization, endoc>tosis, and other c\to5kclctal functions 
Adenylate kinase (GTPiAMP phospholransferase), cytoplasmic 
Cylosolic ace t aldehyde dehydrogenase 

Beta subunil of FJ-ATP synthase; 3 copies are lounti in each Fl oligomer 
Homolog 0/ mammalian 14-3-3 protein; has strong similarity to Bmh2p 
Homolog of mammalian J4-3-3 protein; has strong similaritv to BmhJp 

r''*"'T.SM ^ of ^ '^P^ses: required for cell diCision and homoivpic membrane fusion 

LcucyMKNA syniheiase, cytoplasmic 

Farnesyl pyrophosphate .synihelase; may be lalc-JImiiing step in sieiol hiosiTiihesis pathway 
DL-GlyceroJ pho^phyie phosphatase 

Ran, a GTP-bimling p.otcin of the Ras strpei family involved in irafficking through nuclear pores 
1 nor game pyropho5ph:itase. cvropJasmic c k , 

Component of serine CpM.nMoyltransCcrase; hrst step in biosynlbesis of long-chain base componeni of snhincolioids 
Jh.ym.ne-.cpressrd piotc m essf nlial foi growth in ihe absence of thiamine ^ spnmgoiipms 

i-ecogiSL'I;^^^^^ ^' '"^ RNA.,.MXc.ssi„g con.plex (cleavage factor I); has -1 RNA 

Mannose- J- phosphate gu:.nylliamferasc; GDP-manno5c pyrophosphorylase 

Kibonuclcotidc leduttii.u* small iubunit 

^•Adcnosylmclhionint tynlJictase 1 

5-Adenosylmelhionine synlhctasc 2 

Copper-zinc supeioxrde di.sn>uiase 

Ubi(|uitin-:)Ctivaling (El) erm'me 
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FIG. 2. Correlation of prolcin abundance with adjusted mRNA abundance. 
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of molecules per cell of the cognate mRNA, with an of .0.76. Note the 
logarithmic axes. Data for mRNA were taken from references 27 and 30 and 
combined as described in Materials and Methods. • 



correlation, confirming a strong correlation between CAi and 
protein abundance (Fig. 3). The relationship between CAI and 
protein abundance is log linear from about 1,000,000 to about 
10,000 molecules per ceil. We have no data for rarer proteins. 

It is not clear whether CAJ reflects .maximum or average 
levels of protein expression. The proteins used for the CAT 
protein, correlation included some proteins which were not 
expres.sed at maximum levels under the condition of the ex- 
periment (Hsc82, Hspl04, Ssal, Adel, Arg4, His4, and others). 
When these proteins were removed from consideration and 
the correlation between CAl and the remaining (presumably 
constitutive), proteins: was recalculated, the was essentially 
unchanged (not shown). 

The equation describing the graph in Fig. 3 is log (protein 
molecules/cell) = (2.3 X CAJ) + 3.7. Thus, under certain 
conditions (a CAl of 0.3 or greater; a const it utively expressed 
gene), a very rough estimate of protein abundance can be 
made by raising 10 to the power of ((2.3 X CAJ) + 3.7]. 

The distribution of CA} over the genome (Fig. 4) consists of 
a lower, bcli-shaped distribution, possibly indicating a region 
where there is no selection for codon bias, and an upper, flat 
distribution, starting at a CAl of about 0.3, po.ssibly indicating 
a region where I here is selection for codon bias. Almost all of 
the proteins who.se abundance we have measured are in the 
upper, flat portion of the distribution. Jii the lower, beJl-shaped 
region, we do not know whether there is a correlation between 
CAl and protein abundance. 

Changes in prulcin abundance in glucose and ethanol. A 
^romparison of cells grown in glucose (Fig. lA) with cells grown 
in ethanol (Fig. IB) is .shown in Table ]. As is well known, 
some proteins aie induced tremendously during growth on 
ethanol. Two .striking examples are the peroxisomal enzymes 
Id] (isocitrate lyase) and Cit2 (citrate synthase), which are 
induced in ethanol by more than 100- and 12-fold, respect tvely 
(Fig. 1; Table J). These enzymes are key components of the 
glyoxylatc shunt, which dive its some acetyl coenry-me A 
(aceryl-CoA) liom the iricarboxylic acid cycle lo gluconeogen- 
esis. cercvisioe jecptires laige amounts of carbohydrate for its 
cell wall; in cihanol medium, this carbohytlrate corncs from 
glnconeojitiicsis, which depends on the glyoxylale .shinji nnd 
on. the giycolytif pnihwDv rnnninj; in rtvcise. The need foj 



gluconeogenesis also explains why glycolytic enzymes are 
abundant even in ethanol medium, 'fhus, 2D gel analysis shows 
the prominence of the glycolytic and glyoxylate shunt enzymes 
in cells grown on ethanol, emphasizing that gluconeogenesis, 
presumably largely for production of the cell wall, is a major 
metabolic activity under these conditions. 

During gluconeogenesis, substrate-product relationships are . 
reversed for the glycolytic enzymes. One might expect that not 
all glycolytic enzymes would be well adapted to the reverse 
reaction. Indeed, 2D gels show that in ethanol, Adh2 (alcohol 
dehydrogenase 2) is strongly induced (16), while its isozyme 
Adhl is not greatly affected. Adhl and Adh2 each interconverl 
acetaldehyde and ethanol. Adhl has «t relatively high for 
ethanol (\1 mM), while Adh2 has a lower (0.8 mM) {5), 
Thus, it is thought that Adhl is specialized for glycolysis (ac- 
etaldehyde to ethanol), while Adh2 is specialized for respira- 
tion (ethanol to acetaldehyde) (5, 29). Similarly, Enol (enolase 
1) is induced in ethanol, while its isozyme Eno2 (enolase 2) 
decreases in abundance (Table 1) (4, 19). Enol is inhibited by . 
. 2-phosphoglycerate (the glycolytic substrate), while Eno2 is 
inhibited by phosphoenolpyruvale (the gluconeogenic sub- 
strate) (4). Perhaps Enol has a lower for phosphoenol- 
pyntvate than does Eno2, though to our kriowledge this has not 
been tested. Thus, the 2D gels distinguish isozymes specialized 
For growth on glucose (Adhl and Eno2) from isozymes spe- 
cialized for ethanol (Adh2 and Enol). 

iVIany heat shock proteins (e.g., Flsp60, Hsp82, Hspl04, and 
Kar2) were about twofold more abundant iri ethanol medium 
than in glucose medium. This is consistent with the increased 
heat resistance of cells grown in ethanol (3). 

Enzymes involved in protein synthesis (Eftl, RpaO, and Tifl) 
were about twice as abundant in glucose medium as in cihanol 
medium. This may reflect the higher growth rate of the cells in 
glu co.se i 

Phosphorylation of proteins. To examine protein phosphor- 
ylation, we labeled cells with '^^P and ran 2D gels to examine 
phosphoproteins. About 300 distinct spots, probably represent- 
ing 150 to 200 proteins, could be seen on pM 4-8 gels (Fig. 5B). 
We then aligned autoradiograms of three gels, each with a 
different kind of labeled protein (^-P only [Fig. 5B), ^^P plus ' 
^^S |Fig. 5A), and ^^S only [not shown, but see Fig. 1 for . 
example]). In this way, we made provisional identification of 



® 5 I 



03. 
OO 



I OO 



0.2 0.4 0.6 O.U I 



Codon Adaptation Index 

riG. 3. Concblk^n ot pJOtcin atmndsncc wiih C/M. 'Hit nimil'ti u\ motc- 
fiilcs pci ct ll ol each pioicin is ploiie J :)f;:iimi ilic CAI (oi ih;»t piotrii*. Note ihc 
login ithniir m:iIc tm ihc ]>iolc»n ?cC*s, D:it.-> U>\ the CaI :>ir Uom ihc WV 



7364 FUTCHER ET AL. 



Mou Cell Biou 



2000 - 



I 



C 

a> 



Q> 

E 

3 



.12 .24 



.36 



.48 .60 



.84 



Codon Adaptalion Index 



FIG. 4. Distribution of CAl ovei ihc whole genome, shown in inrejrvals of 0.030 (i.c., there aie 150 genes wJih a CAI between 0.000 and 0.030, inclusive; 3 J genes 
wirh 3 CAl bcrwecn 0.031 and 0.060; 269 genes wi»h a CAI between 0.061 and 0.090; 1,296 genes with a CAl between 0.091 and 0.120; etc.). The distribution peaks 
with 2,028 genes with a CAI berwcen 0.121 and 0.150. 



some of the ^"P-IabeJed spots as parh'culnr.^^S-labelecJ spots. 
AJI such idenlifications jore somewhat uncertain, since precise 
alignments are difficult, and of course multiple spots may ex- 
actly comigrate. Nevertheless, we beJieve that most of the 
provisionaJ identifications are probably correct. Among the 
major ^^P-Iabeled proteins are the hexo)(inases H.xkl and 
HxJc2, the acidic ribosome- associated protein RpaO, the Irans- 
Jalion factors yef3 and EJb3, and probably Hsp70 heal shock 
proteins of the Ssa and Ssb famihes. RpaO and EfbJ are quan- 
titatively monophosphorylaied. 

Many yeast proteins resolve into multiple .spots on these 2D 
gels (7). Vef3 has live or more spot.s, nt least four of which 
comigrate with ^^F. Tpil has a major spot showing no "^P 
labeling and a minor, more acidic spot which overlaps with 
some -"^^P label. Tifl has at least seven spots (7); two of these 
overlap with some label, but five do noi (Fig. 5). Eft] has 
at least three spots (7), and none of these overlap with ^^P, 
although there are three nearby, unidentified ^^P- labeled spots 
(a, c, and d in Fig. 5). Spots that seem to be ty^U^ forms of 
Jviei6, Pdc], Eno2, and Fba) can be seen in Fig. 6A, but there 
is little ^^P at these positions in Fig. 5. Thus, phosphorylation 
explains some but not all of the different protein isofonns seen. 

The cell cycle is regulated in part by phosphorylation. We 
compared ^^P-labeled proteins from cells synclnonlzed in G, 
with Of -fact or, in cells synchronized in by depletion of Gj 
cyclins, and in cells synchronized in M phase with nocodazole. 
Only very minor dilferences weie seen, and these were difficult 
to reproduce. The cell cycle proteins legulaied by phosphory- 
lation may not be abundant enough for this technique to be 
applied easily. 

Centrifugal fracliojiation. We Iractionated ^''S- labeled ex- 
tracts by centiitngalion (Materials and Methods), FMiinre 6A 
shows the proteins in the supernatant of a high-speed 
(100,001) X 30 rnin) cenlrifugation, while Fig. OB shows the 
proteins in the pellet of a low-speed (16,000 X lu .10 mjn) 
ccrilrilugation. Many proteins are Ircmcndonsly enirched in 
one fj act ion or ihc oihci, wJiilc olhcis iwk: pic .so mi m l,>oth. 



Most glycolytic enzymes (e.g., Tdh2, Tdh3, Eno2, Pdcl, Adh3, 
and Fbal) are enriched in the supernatant fraction. The only 
exception is Pfkl (not indicated), which is found in both pellet 
and supernatant fractions. Many proteins involved in protein 
synthesis (Eftl, yef3, Pril, Tif], and KpaO) are in the pellet, 
possibly because of the association of ribosomes with the en- 
doplasmic reticulum. However, Efbl is in the supernatant, as is 
a substantial portion of the Eft J. Perhaps surprisingly, several 
mitochondrial proteins (Atp2 (not shown] and llv5) are largely 
in the supernatant. Perhaps glass bead breakage of cells re- 
leases mitochondria) proteins. The nuclear protein GspJ is in 
the pellet fraction. The enrichment produced by centrifugaiion 
makes it possible to see minor spots which are otherwise poorly 
resolved from surrounding proteins. Figure 6B shows that the 
previously identified Tifl spot is surrounded by as many as six 
other spots that cofractionate. We obseired sw identical or 
very similar additional spots when we overexpressed Tifl from 
a high-copy-number plasmid (not shown). Signal overlaps only 
one or two of these spots in ''^P- labeling experiments (Fig. 5), 
and so the different forms are not mainly due to different 
phosphorylation states. 

DJSCUSSJON 

Our experience with developing a 2D gel protein database 
for S. cerev'Lsioe is summaiized here. With cnrrent technology, 
we can see the most abundant J, 200 proteins, which is about 
one-thrrd to one-quarter of the proteins expressed. The re- 
maining proteins will be difficult to see and study with the 
methods that we have used, not because of a lack of sensitivity 
but because weak spots are covered by nearby strong spots. 

Of the 1,200 proteins seen, wc have iilenlified \A8, with a 
bias towaid the most abundant proteins. Steady applicalion of 
the methods already used would allow identificaliort of urosi of 
the remaining proteins. Gene ovcrexpiession wi!! be particu- 
larly usehrl, since it is not rWIccled by the lower abumlimcc ol 
Ihc lerrrairiiiig visible proiel>i,s. 
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2D gels of the kind that we have used are nol suitable for 
visualization of rare proteins. However it wiJI l>e possible to 
study on a gJobal basis metabolic processes involving relatively 
abundant proteins, such as protein synthesis, gJycol>'sis, glu^ 
coneogenesis, amino acid synthesis, ceJJ wall s)'nthesis, nucle- 
otide synthesis, lipid metabolism, and the heat shock response. 

Gygi et al. (10) have recently completed a study similar to 
ours. Despite generating broadly similar data, Gygi et al. 
reached markedly dilFerenl conclusions. We believe thai both 
mRNA abundance and codon bias are useful predictors of 
protein abundance. Plowever, Gygi et al. feel that mRNA 
* abundance is a poor predictor of protein abundance and that 
"codon bias is not a predictor of either protein or mRNA 
levels" (10). These different conclusions are partly a matter of 
viewpoint. Gygi et al. focus on the fact that the correlations of 
mRNA and codon bias with protein abundance are far from 
perfect, while we focus on the fact (hat, considering the wide 
range of mRNA and protein abundance and the undoubted 
presence of other mechanisms affecting protein abundance, 
the correlations are quite good. 

Plowever, the different conclusions are also partly due to 
different methods of statistical analysis and to real differences 
in data. With respect to statistics, Gygi et al. used the Pearson 
product-moment correlation coefficient (r^) to measure the 
covariance of mRNA and protein abundance. Depending on 
the subset of data included, their values ranged from OJ to 
0.94. Because of the low values with some subsets of the 
data, Gygi et al. concluded that the correlation of mRNA to 
protein was poor. However, the correlation is a parametric 
statistic and so requires variates following a bivariate normal 
distribution; thai is, it would be valid only if both rriRNA and 
protein abundances were normally distributed. In fact, both 
distributions are very far from normal (data not shown), and so 
a calculation of is inappropriate. There was no statistical 
backing for the assertion that codon bias fails to predict pro- 
tein abundance. 

We have taken two statistical approaches. First, we have 
used the Spearman rank correlation coefficient (r^). Since this 
statistic is nonparametric. there is no requircmenl for Ihe daia 
to be normally distributed. Using the r,, we find that mRNA 
abundance is well. correKited with protein abundance (r, = 
0.74), and the CAI is also well correlated with protein abun- 
dance (r, = 0.80) (and also with mRNA abundance [data not 
shown]). For the data of Gygi et al. (10), we obtained similar 
results, though with their data the correlation is nol as good; r, 
= .0.59 for the mRNA- lo- protein correlation, and = 0.59 for 
the codon bias-lo-prolein correlation. 

In a second approach, we transformed the mRNA and pro- 
tein data to forms where they were normally distributed, to 
allow calculation of an (Materials and Methods). Two trans- 
formations, Box- Cox and logarithmic, were used; both gave 
good correlations with our data (e.g.. = 0.76 for )bg( adjusted 
RNA) to log(protein)J. \Vc were not able to tiansform the data 
of Gygi et al. to a normal distribution. 

Finally, there are also some differences in data between the 
two studies. These may be partly due to the different measure- 
ment techniques used: Gygi et al. measured protein abundance 
by cutting spots out of gels and measuring the radioactivity in 
each spot by scintillation counting, whereas we used phospho- 
rimaging of intact gels coupled lo image annlysis. We com- 
pared our data lo theirs for the proteins common between the 
sttulies (but exchiding proteins whose mHNAs are known to 
differ between rich :\in\ miniinal inedia, jnd e.xcludiriii Tifl. 
wl^irb wiis anoinalous in ditlLiipig bv J 00- fold tjctwccn the \wo 
data sets). The bclwot^n the two protein d:i!a siris w;is 0.88 
(P < 0.0001). Although this is :t strong con elation, ihc fact that 



it is less than 3.0 suggests that there may have been errors in 
measuring protein abundance in one or both studies. After 
normalizing the two data sets to assume the same amount of 
protein per cell, we found a systematic tendency for the protein 
abundance data.of Gygi el al. to be slightly higher than ours for 
Ihe highest- abundance proteins and also for the lowest-abun- 
dance proteins but slightly lower thari ours for Ihe middle- 
abundance proteins. These systematic differences suggest some 
systematic errors in protein measurement. Although we do. nol 
know what the errors are, we suggest the following as a rear, 
sonable speculation. For the highest-abundance proteins, we 
may have underestimated the amount of protein because of a 
slightly nonlinear response of the pbosphorimager screens. For 
the lowest -abundance proteins, Gygi el al. may have overesii- 
maled the amount of protein because of difficulties in accu- 
rately cutting very small spots oul of the gel and because of 
difficulties in background subtraction for these small, weak* 
spots. The difference in the middle abundance proteins may be 
a consequence of normalization, given the two errors above. 

The low-abundance proteins in the data sel of Gygi el al. 
have a poor correlation with mRNA abundance. We calculate 
that the r, is 0.74 for the top 54 proteins of Gygi el al. but only 
0.22 for the bottom 53 proteins, a statistically significant dif- 
ference. However, with our data set, the r, is 0.62 for the top 33 
proteins and 0.56 (not significantly different) for the bottom 33 
proteins (which are comparable in abundance to Ihe bottom 
53 proteins of Gygi et al.). Thus, our data set maintains a good 
correlation between mRNA and protein abundance even at 
low protein abundance. This is consistent with our speculation 
that protein quantification by pbosphorimaging and image 
analysis may be more accurate for small, weak spots than is 
cutting out spots followed by scintillation counting. Our rela- 
tively good correlations even for rionabundant proteins may 
also reflect the fact that we used both SAGE data and RNA 
hybridization data, which is most helpful for Ihe least abundant 
mRNAs. in summary, we feel that the poor correlation of 
protein to mRNA for the nonabundant proteins of Gygi el al. 
may reflect dilliculty in accurately measuring these nonabun- 
dant proteins and mRNAs, rather than indicating a truly poor 
correlation iri vivo. It is not surprising that observed correla- 
tions would be poorer with less- abundant proteins and 
mRNAs, simply because the accuracy of measurement would 
be worse. 

How well can mRNA abundance predict protein abun- 
dance? With r^, = 0.76 for logarithmically transformed ini^NA 
and protein data, the coefficient of determination, (r^)^, is 0.58. 
Tliis means that more than half (in log space) of tire variation 
in protein abundance is explairred by variation in nrRNA abun- 
dance. When converted back to arithmelic values, protein 
abundances var^' over about 200- fold (Table 1), and (r^)^ = 

0. 58 for the log data means that of this 200-fold variation, 
about 20-fold is explained by variation in the abundance of 
mRNA and about 10- fold is unexplained (but could be due 
partly lo measurement errors). For proteins much less abun- 
dant than those considered here, we imagine the in vivo cor- 
relation bervvcen mRNA and protein abundance will he worse, 
and other regulatory nrechanisms such as protein turnover will 
be more important. 

Some important conclusions can be drawn from this sarn- 
pMng of the protcome. Firsi, there is an enoi'rnous range of 
protein abundance, from nearly 2,000.000 inolecnies per ccH 
for some glycolytic enzymes lo about IDO pei cell lor .some cell 
cvcle pioteins (26a). Second, aboui lialt of all cellular piotein 

1. s found in fcwo ihnn 100 ilillerent gene piodiieis, wtiieh iirc 
inoMly involved in eiwbohydi ;iie )nci:iboli!>ni oi piotein syiuhe- 
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sis. Third, the correlation between protein abundance and CAl 
is log linear as far as we can see, which is from about 10,000 - 
protein molecules per cell to about 1,000,000. This is somewhat 
surprising, because it imphes that selective forces for codon 
bias are significant even at moderate expression levels. It also 
means thai codon bias is a useful predictor of protein abun-. 
dance even for moderately low bias proteins. Fourth, there is a 
good correlation between protein abundance and mRNA 
abundance for the proteins that we have studied. This validates 
the use of mRNA abundance as a rough predictor of protein 
abundance, at least for relatively abundant proteins. Fifth, for 
these abundant proteins, there are about 4,000 molecules of 
protein for each molecule of mRNA. This last conclusion 
raises questions as to how the levels of nonabundarit proteins 
are regulated and suggests (hat protein instability, regulated 
translation, suboptimal rales of translation, and other mecha- 
nisms in addition to transcriptional control may be very impor- 
tant for these proteins. 
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Pre-translational regulation of cytochrome P450 genes is respousible for 
disease-specific changes of individual P450 enzymes among patients with 
cirrhosis. 

George J. Liddle Murray M. Byth K . FarreU GC . 

Department of Gastroenterology and Hepatology. University of Sydney at Westmead 
Hospital, NSW, Australia. 

We havfi recently reported that disease-specific differential alterations in the hepatic 
expression of xenobiotic-metabolizing cytochrome P450 (CYP P450) enzymes occur in 
patiente witli advanced liver disease. In order to determine whether the obseived changes 
m CYP proteins are modulated at pre- or pbst-translatiorial levels, we have now examkied 
the hepatic levels of mRNA for CYPs I A2, 2C9, 2E1 and 3A4 by solution hybridization 
in the same livers of 20 controls (surgical waste from histologically normal livers) 32 
cases of hepatocellular and 18 of cholestatic severe chronic liver disease. CYP1A2 

mRNA and CYP 1 A immunoreactive protein were both reduced in livers with 
hepatocellular and cholestatic types of cirrhosis. In contrast, CYP3A4 mRNA and protein 
were reduced only in livers from patients with hepatocellular diseases For 1A2 and 3A4 
there were significant correlations between mRNA species and the respective protein 
contents (rSl A2 = 0.74, rS3A4 = 0.64, P < 0.0001). CYP2C9 mRNA was reduced in 
paUents with both cholestatic and hepatocelliilar types of liver disease but 2C protein 
r^^'^r^txi^^^ ^^"^"^ "^'^ cholestatic dysfimction. TTie correlation between 
CYP2C9 mRNA and protem, was also significant (rs = 0.36. P < 0.005) but mRNA levels 
accounted for only 13% of the variability in protein rankings. This is probably a 
consequence of other CYP2C proteins apart from 2C9 being detected by the anti-2C 
antibody CYP2E1 mRNA and protein were reduced in patients with cholestatic liver 
disease, but in hepatocellular disease the expression of onJy CYP2E1 mRNA was 
decreased. CYP2E1 mRNA was significantly correlated with CYP2E1 protein but 
accounted for only 1 8% of the variability m protein rankings (rs = 0 43 P < 0 0005) 
Taken collectively these data indicate that the disease-specific alterations of xenobiotic- 
metabolizing CYP enzymes among patients with cinliosis is due, at least in part to pre- 
translational mechanisms. The lack of a strong correlation between CYP2E 1 liiRNA and 
protein suggests that this gene, like its rat orthologue. may be subject to pre-translational 
as well as translational and/or post-translational regulation. 

PMID: 7741 759 [PubMed - indexed for MEDLINE] 
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Cyclooxygenasc-2 expression in macrophages: modulation by protein 
kinase C-alpIia. 

Gironx M. Descoteaux A . 

Institut National de la Recherche Scientifique-Institut Aimand-Frappier, Universite du 
Quebec, Laval, Canada. 

Cyclooxygenase-2 (COX-2) is an inducible enzyme responsible for high levels of PG 
production dunng inflammation and imrnune responses. Previous studies with 
phamiacological inhibitors suggested a role for protein kinase C (PKC) in PG production 
possibly by regulating COX-2 expression: In this study, we addressed the role of PK.C- 
alpha in the modulation of COX-2 expression and PGE2 synthesis by the overexpressing 
of a dommant-ncgative (DN) mutant of this isoenzyme in the mouse macrophage cell line 
fpo rSr '^^ '"v^stigated the effect of various stimuli oa COX-2 expression, namely 
LI IFN-gamma, and the mtracel lular parasite Leisfunania donovani. Whereas LPS- 
mduced COX-2 inRNA and protein expression were down-regulated in DN PKC-alpha- 
overexpressmg clones, IFN-gamma-induced COX-2 expression was up-regulated in DN 
PKC-alpha-overexpressing clones witli respect to normal RAW 264 7 cells 
Measurements of PGE2 levels revealed a strong correlation between PGE2 secretion and 
.IFN-gamma-mduced COX-2 mRNA and protein levels in DN PKC-alpha-overexpressing 
clones. Taken together, these results suggest a role for PKC-alpha in the modulation of 
LPS- and IFN-gamma-mduced COX-2 expression, as well as in IFN-gamma-induced ■ 
PGE2 secretion. 



PMID: 1 1034408 (PubMed - indexed for MEDLfNE] 
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Transcript prorUingof humaa platelets usiug microarray and serial 
analysis of gene expression. 

Gnatcnko DV , DunnJJ, McCorkle SR . Weissmann D Perrotta PL. BahouWF. 

sSTlTi^'s^sf US^^ Program in Genetics, State University of New York, Stony 

Human platelets are anucleate blood cells that retain cytoplasmic niRNA and maintain 
hinctionally nitact protein translational capabilities. We have adapted complementaiy 
teclmiques of microarray and serial analysis of gene expression (SAGE) for genetic 
profiling of higWy purified human blood platelets. Microarray analysis using the 
Affymetnx HG-U95Av2 approximately 12 600-probe set maximally identified the 
expression of 2147 (range. 13%-17%) platelet-expressed Itanscnpts, with approximately 
22 A collectively involved in metabolism and receptor/signaling, and an 
overrepresentation of genes with unassigned function (32%). In contrast, a modified 
SAGE protocol using the Tyi^e IIS restriction enzj'me Mmel (generating 2 1 -base pair 
[bp] or 22-bp tags) demonstrated that 89% of tags represented mi tochondrial (mt) 
transcnpts,(emiched in 16S and 12S ribosomal RNAs). presumably related to persistent 
mt-franscnption m the absence of nuclear-derived franscripts. The frequency of non-mt 
SAGE tags paralleled average di fference values (relative expression) for the most 
"abundant" transcripts as determined by microarray analysis, establishing the 
concordance of both techniques for platelet profiling. Quantitative reverse transcription- 
polymerase chain reaction (PCR) confirmed the highest ftequency of mt-derived 
transcripts, along with the mRNAs for neurogramn (NGN, a protein kinase C substrate) 
and the complement lysis inlubitor clusterin among the top 5 most abundant transcripts 
For confirmatory characterization, immunoblots and flow cytometric analyses were 
performed, establishing abundant cell-surface expression of clusterin and intiacellular 
expression of NGN. These observations demonstrate a strong correlation between high 
transcript abundance and protein expression, and they establish the validity of transcript 
analysis as a tool for identifying novel platelet proteins that may regulate nonnal and 
pathologic platelet (and/or megakaryocyte) functions. 

PMID: 1 2433680 [PubMed - indexed for MEDLINE] 
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Transcript profiling of human platelets using microarray and serial analysis 
of gene expression 

Dmitri V. Gnatenko, John J. Dunn, Sean R. McCorkle. David Weissnnann, Peler L. Perrotta, and Wadie F. Bohou 



Human platelets are anucleate blood cells ' 
that retain cytoplasmic mRNA and main- 
tair> functionally intact proteiri Iransla- 
tional capabilities. We have adapted 
complementairy techniques of microarray 
and serial analysis of gene expression 
(SAGE) for genetic profrlrng of highly 
purified human blood platelets. Microar- 
ray analysis using the Affymelrix HG- 
U95Av2 approximately 12 600-probe set 
maximally identified the expression, of 
2147 {range, 13%- 17%) platelet- ex pressed 
transcripts, viritb approxirhately 22% col- 
lectively involved in metabolism and re- 
ceptor/signaling, and an overrepresenla- 
tion of genes with unassignefd function 
(32%). In contrast, a modified SAGE proto- 
col using the Type IIS restriction enzyme 



Mmel (generating 21-base pair (bpj or 
22-bp tags) demonstrated that 89% of 
tags represented mitochondrial (mt) tran- 
scripts (enriched in 16S and 12S ribo- 
somal RNAs), presumably related to per- 
sistent mt-transcription in the absence of 
nuclear-derived transcripts. The fre- 
quency of norvmt SAGE tags paralleled 
average difference vatues (relative expres- 
sion) for the most "abundant" transcripts 
as determined by microarray analysis, 
establishing the concordance of both 
techniques for platelet profiling. Quantita- 
tive reverse transcription-polymerase 
chain reaction (PCR) confirmed the high- 
est frequency of mt-derivcd transcripts, 
along Vifith the mRNAs for neurogranin 
(NGN, a protein kinase C substrate) and 



the complement lysis inhibitor clustertn 
among the top 5 most abundant trarv 
scripts. For confirmatory characteriza- . 
tion, immunoblots and flow cytometric 
analyses were performed, establishing 
abundant cell-surface expression of clus- 
terin and intracellular expression of NGN. 
These observations demonstrate a strong 
correlation between high transcript abun- 
dance and protein expression, and they 
establish the validily of transcript analy- 
sis as a tool for identifying novel platelet 
proteins that may regulate normal and 
pathologic platelet (and/or megakaryo- 
cyte) functions. (Blood. 2003;101 :2285-2293) 
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Introduction 



Human blood plaleJets play criiical roles in normal hemostatic 
processes and pathologic conditions such as thrombosis, vascular 
remodeling, inflammation, nnd woiuid repair. Generated as cytoplas- 
mic buds from precursor bone marrow megakaryocytes, platelets 
are nnucleate and lack nuclear DNA, although they retain 
megakaryocyte-deriveJ mRNAs. '-^ Platelets conlain rough endo- 
plasmic reticulum and polyribosomes, and they retain the ability 
for protein biosynlhesis from c)'toplasmic mRNA.^ Quiescent 
platelets generally display minimal trans la tional activity, although 
newly fonned platelets such as those found in patients with 
immune thrombocytopenic purpura (ITP) synthesize various a-gran- 
ule and mcnibrane glycoproteins (GPs). including GPJb and 
GPDb/IIla (ojjbpj) Furthermore, stimulation of quiescent platelets 
by agonists such as o-thrombin increases protein synthesis of 
various platelet proteins, including Bel- J.^ Like nucleated cells, the 
rapid translation of preexisting mRNAs may be regulated by 
integrin ligation to extracellular matrices ' )n the case of platelets, 
the primary integrin involved in, this process appears to be a,J^,pJ 
with cooperative signals mediated by the collagen receptor a-p,.^*' 



Jntegrin-mediated platelet protein synthesis appears to be regulated 
at the level of translation initiation involving the eukaryolic 
initiation factor 4E (elF4E). Jnstead of directly influencirig eIF4E 
activity via posttranslational nriodificalions (ie, phosphorylation), 
platelet e)F4E activity best correlates with its spatial redistribution 
to the mRNA-enriched cytoskeleton.^ Furthermore, because pro- 
tein translation is partially inhibited by the immunosuppressant 
rapamycin, it suggests that adhesion- and/or aggregation- induced 
outside- in-signaling function to regulate protein synthesis through 
the inTOR (mammalian target of rapamycin) pathway.^ " '^ 

Despite the biologic importance of platelets and their intact 
protein synthetic capabilities, remarkably fittle is known about 
platelet mRNAs. Younger platelets contain larger amounts of 
mRNA with a greater capacity for protein synthesis, as detemiincd 
by using fluorescent nucleic acid dyes such as thiazole orange,'" 
This assay has been used as a quantitative determinant of younger 
or "reticulated" platelets (RRs). indeed increased reticulated plate- 
lets arc typically found in patients with conditions associated with 
rapid platelet turnover such as ITP; typically RP percentages in 
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such patients approach J0% to 20% of alJ platelets^ considerably 
higher than in healthy control subjects." Inlereslingiyi high RPs 
have been associated with enhanced thrombotic risk when identi- 
fied in patients with throntbocytosis,'° suggesting thai quantita- 
tively increased mRNA levels may be associated vidth the prothrom- 
bolic phcnotype. Whether this is related to globally altered gene 
expression profiles or to select changes more evident during 
situations of rapid platelet turnover remains unknown. Certainly, 
technical limitations of this assay limit its utility in defining 
prothrombotic genotypes, "^'^ and it cannot identify differentially 
expressed genes that may be causally implicated in disordered 
platelet phenotypes. 

Toward the goal of defining the molecular anatomy of the 
platelet genome, we have adapted complementary techniques of 
microarray and serial analysis of gene expression (SAGE) for 
genetic profiling of highly purified human blood platelets. Microar- 
ray technology represents a "closed" profiling strategy limited by 
the target genes imprinicd onto gene chips. In contrast, SAGE is an 
"open" architectural system that can be used to identify novel genes 
and to quantify differentially expressed mRNAs.'^"'^ The sequence 
of each tag along with its positional location uniquely identifies the 
gene from which it is derived, and differentially expressed genes 
can be identified in a quantitative manner because the tag frequency 
reflects the mRNA level at the lime of cellular harvest and analysis. 
By using both technologies, we have identified a number of 
previously uj)characieri2cd genes that appear to be expressed in 
human plntcleis, while simultaneously establishing the dominant 
frequency of mitochondrial- expressed genomes comprising the 
platelet mRNA pool. These observations provide o panoramic 
overview of the pinfelet transcriptome, while additionally provid- 
ing insight.s into ihc molecular pathways regulating platelet (and/or 
megakaryocyte) fnnclion in normal and pathologic conditions. 



Materials and tnethods 

Reagents and supplies 

Thermus atfjuiiirm (Tnq) polynieiasc was purcha.secl fiotn (Roche, Indianap- 
olis, IN). T'l DNA lipa.str w:is purcl»a.sed Crom Invitrogcn (Carlsbad, CA), 
and resrricrion cr)2yrnes wcic fiom New England Biolabs (Beverly, MA), 
e:>tcepi for Mme\, \^ hich was obtained from ihc Center for Tcchnolopy 
Transfer (Gdan.'.lt, Toland). AH oliyonucleoridcs were synthesized on an 
Applied Diosystcms (Foster Ciry, CA) 3 -channel synthesizer and are listed 
in Table I. Monorlonul antibodies* used for flow cytometric analysis 
included the FITC (fluorescein isothiocy3nate)-conjupted anti-CD'U 
(«irDp3) inimmioplobulin Ol (IpGI; Inununotech, Miatni, FL); pbyco- 
erythrin ( PE)- conjuyaicd anii^lycophorin (IgG2; Bccion Dickinson Phamr- 
ingcn, S.Tn DIcyo. CA); 3nd pcddinin chlorophyll protein l^ERCP)- 
conjuiiatcdanti Ci:)-!^ jlyGl: fircmn Dickinson Phanninijcn). 

Platelet isolation, pur Kicaliort, nnd irnmunodetectfon 

All hutn;)n subjoits pioviJcJ infonm-d ronseni foi .in IRJ) (Instituiional 
Review Bo:irLl)-a(?piovc.) ptoifcol completed in conjMncli(?ii wiih ihe 
Cenerat Clinical l^cM-ytch CcpUcr ji Stony l^iook Univcpsity Mospitat. 
Peripheral blooj (Tfi oil. ) fioin bcaiihy vohmicois diawn into 2 mL of ■!% 
sodium rilijtc \i)A'Vo vol' vol Imnl cnnrcnlraiion) was nsfil lo isolaic 
cry^hroryll■^ hy (titTcifiiii:i) rrr)iritU(;atrot» (l.^'fM)^) oi to isolaic pure 
letikocyics by ilroMtv ■ •.■i.'ulicnl i cntrifn^Mliou :)S jjievjtiusly dcst. i ibi d,"' 
Plate lets coflciKif fi..ni l.^;t|iliy voluritens by npboie.sis were nsed within 
24 l)o»rs of totk( KOM A lift .'nidiilon of 2 niM FJTIA (ethvlcDC Jianiliieici- 
ru.-icciic aciO). riph< ir>i.'..,t( ij\cd pl;in:lft,s fioin n sini:li' donor weie 
centrihiped ai ]4{}^ foi minutes Jt ?5°C. To niinimizc leokocylc 
coniDmln;rtnni. Only iho uppor '>/10 ol the plutclr I- f it h plaMna t PK P) was 



used for gel fiirrBtion over a BioGcl A50M column ( 1000 mL total vohimc) 
equilibrated with WBUY (H EPOS- buffered nwdified Tyrodcs buffer. 10 
mM HEPES (A^2-bydroxyeth'yIpipcrazinc-A/'-:2-c(bancsuIfonic acid) pi I 
7.4/150 mM NaCI, 2.5 mM KCK 0.3 mM NaH2P04, 12 mM NaHCO,. 
0.2% bovine scrum albumen [BSA], 0.1% glucose, 2 mM EDTA). 
Gel- filtered platelets (GFPs) were subsequently filtered through a S-jtm 
nonwctting nylon filament filter (BioEtesign, Carmcl, NY) at 25''C and 
harvested by cenlrifugatior* at I500g for 10 rninutcs at 25'*C Platelets were 
gently ar)d thoroughly resuspendcd in ID mL HBMT buffer and incubated 
with 120 >L murine monoclonal anli-CD45 antibody conjugated to 
magnetic microbeads (Miltenyi Bioiec, Bergisch Gladbach. GcnDany) on a 
rotating platfonn. for 45 minutes at 25°C. Magnetic separation cohimns 
were used to capture CD45^ cclJs (leukocyte fraction) by positive selection 
(MACS II; Miltenyi Biotcc). Purified platelets were concentrated by 
ccnlrifugalton at I500g and immediately used for total RNA isolation. 

The efficiency of platelet purification was documenled at each step by 
flow cytometry." Briefly, aliquols containing 2 X 10* platelets were 
incubated with saturating concentrations of FITC- conjugated 3riti-CD4I, 
PE-conjugaicd antiglycoi>horin, and PERCP- conjugated anti-CEMi for 15 
minutes in the dark at 25 "C, washed with phosphate-buffered saline (PBS), 
and fixed in PBS/1% formalin. Samples were analyzed using a FACScan 
(fluorescence-activated cell sorter scan) flow cytomelcr (Beclon Dicltinson) 
using CELLQucsl software desiened to quantify Ihe number of CD45* and 
glycophorin- positive events in the sample (expressed as the number of 
events per 100 000 CD4I+ events). For some experiments, fixed platelets 
were permeabilized with 0. 1 % Triton-X/PBS for 30 minutes at 25°C prior 
10 the addition of primary antibodies, all as previously described..' 

Platelet protein detection was completed by sodium dodecyl sulfate 
(SDS>-polyacrylamide gel electrophoresis (PAGE) and tmmunoblot analy- 
sis as previously described, using (he species-specific horseradish pcroxjdasc- 
conjugaied secoridary antibody and entranced chemiluminesccncc.'* Anti- 
bodies included ihe anticlusterin monoclonal antibody (Quidcl, Santa Clara, 
CA; 1:1000 primary and 1:10 000 secondary) and the anlineurogranin 
rabbit polyclonal antibody (Chernicon Inlemationnl, Tcmecula, CA; 1:1000 
primary and 1:10 000 secondary). 

Molecular analyses and microarray profiltnt| 

Purified, individual cell fractions were rcsuspcnded in 1 0 nj. I nzol reagent 
(Invitrogen), transferred into dieibylpyrocaibonatc (DEPC)-trcaied Corex 
(Springfield, MA) tubes, and serially purified and precipitated by using 
isopropanol csscniially-as previously described.". Total cellular RNA was 
har^'esied by ccntrifugation a! 12 500^ for 20 tninules al 4"C, washed 2 
limes with 75% eihanol (10 mUiube). and resuspcndcd in 100 p.L 
DEPC- treated water Platelet mRNA quantitation was perfomied by using 
fluorescence- based leal-iime PCR (polymerase chain reaction) technology 
(TaqMat) Real-Time PCR; Applied Biosystems, Foster City CA). Oligonu- 
cleotide primer pairs were genet a led by using Priniei3 software {www- 
gerwmc. wi.mil.edu), designed to generate approximately 200-base pair 
(bp) PCR products al the san)e annealing lemperaiure, and arc oittlincd in 
Table I. Purified platclel mRNA (4 pg) was (tscd for first-strand cDNA 
synthesis using oIigo(dT)and Superscript 11 reverse transcriptase (Invitro- 
gen). For real-time reverse transcription tR.T)-PCR analysis, the RT 
reaction was equally divided among primer pairs nnd used in a '10-cycle 
PCR rear I ion lor each target gene by using ihr following cycle: 94 °C for 30 
seconds, 55''C for 30 seconds, 72''C for I minute, and 7rC fot 10 seconds 
(40 cycles total). mRNA levels were qu.-tntified by mo)»itoring real-time 
fluotoiDciric intensity of SYBR fiecn I. Relative niRNA abundance wa.s 
(fctem)incd fiom iripboaie assays perfornieU in parallel fot each priinet pair 
and was calculated by using the comparative (hrcshold cycle number (iV-Cl 
method) as previously deptritjed.'* 

Gene expression profiles were completed by nsini? ihe approximately 
12 600-probe .<,ci I!G-U95Av2 t^ic chip (Affyineiu.v Sania Clara, CA). 
Total cellular RNA (.*» pg) was used for cONA symhcMS by iisini; 
.Superscript Choice .<;y.s»eni (Life Te^■hnolo;■lc.^. HockviMe, MD) and an 
olieottt!) primer eonlaininp the T"? polymerase iccoj.M>i)ion ."letiDertcc 
(Primer Si; Table I), followed by cDNA puritkaiion usint; CA'X spin 
columns. In vitro transcription was fomptcicit in ihe preserKC of bioiinyl- 
ated ribonucleotiiles by usiny a BioArray llii;h>*ifhl HNA Transcri)!! 
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Table t. Oligonucleotide pfimcrs* 




Gcn& and prifnor 




Nucleotide 


Primer 


cfirection 


Sequerrce (5' - 3') 


Position 


SI 


pIi90(dT) 


5'-Bn-GGCCAGTt3AATTGTAATACGACTCACTAT3VGGGAGGCGG- (dT)j,-.3' 




Cassette A 


SAGE 


5' - TTTGGATTTCCTGGTCGAGTACAACTAGGCTrAATCCGACaTG- 3 ' 








3'- *CCTAAACGACCAGCTCATGTTGATCCGAATAAGGCTp-5* 




CDSSelte B 


SAGE 


5 ' - pT7CflJ]GGCGGAGACGTCCGCCACTAGTGTCGCAACTGACTA • - 3 ' 








3 ' - KWAAGTACrcCCTCTGCAGGCGGTGATCACAGCGTTGACTGAT- 5' 




S2 


SAGE . 


5 ' - Bn - GGATTTGCTGGTCGAGTACA - 3 ' 


— 


S3. 


SAGE 


5'-Bn-TAGTCAGGTGCGACACrAGTGGC-3' 


• — 


GP4 


Glycoprotein IIB IF| 


5 ' - AGGGCTTTGAGAGACTCATTrrcTA - 3 ' 


2094^2117 


GPS 


GlycoprolerD tIB [R) 


5 ' - ACAATCTTGCTGTTTGGATTCTG- 3 ' 


.2301-2279 


GP6 


Glycoprotein HIA IF] 


S' ~ TATAAAGAGGCCACGrCTACCrrC- 3 ' 


2335-2358 


Gpy 


Glycoprotein HIA tR| 


S* - CACTTCCACATACTGACATTCTCC- 3 ' 


2532-2509 


PAR18 


PARI IF] 


5 ' - AATGTC AGTTCTGATATGGAAGCA - 3' 


2585-2608 


PAR 19 


PARI [RJ 


5 ' - CCCAAATGTTCAAACTTCTTTAGC - 3 ' 


2776-2753 


SR8 


16S rRNA \f] 


5 ' - TGCAAAGGTAGCATAATCACTTGT - 3 ' 


25B6-2609 


SR9 


16S rRNA |Ri 


5 * - CTTTAGGA CCTGTGGGTrrGTTAG - 3 ' 


2765-2762 


NADH10 


NADH2 (Fl 


S * - CT AGCCCCCATCTtAAATCATATAC- 3 ' 


4875-4898 


NADH11 


NADM2 |R1 


5 * - AATGGTTATGTTAGGGTTGTACGG - 3 ' 


5075-5052 


THYM12 


Thymosin p4 \F\ 


5 : - AAGACAG AGACGCAAGAGAAAAAT - 3 " 


135-158 


7HYM13 


, . Thymosin p4 |RJ 


5 ' - GCAGCACAGTCATTTAAACTTGAT- 3 ' 


336-313 


CLUS14 


austerinjFI 


5 ' - CCAACAGAATTCATACGAGAAGG- 3 ' 


» 1006-1028 


CLUS15 


Clustef in [RJ . 


5*- CGTTATATTTCCTGGTCAACCTCT- 3' 


1222-1199 


NRG 16 


Neujogranin |F) 


5 ' - GCCCmTAGTTAGTTCTGCAGTC- 3 ' 


1351-1374 


NRG 17 


Neurogranin [RJ 


5 ' - TTTTCTTT AAGTGAGTGTGCTTGG - 3 ' 


1567-1544 




T-cefl receptor 






TCRie 


p-chain fF] 


5 ' - CCACAACTATGrTTTGGTATCGT- 3 ' 


131-153 




T-cell receptor 






7CR19 


p-cbDin |R) 


5 ' - CTAGCACTGCAGATGTAGAftGCT- 3 ' 


332-310 


CD4520 


CD45(F} 


5 ' - GCTCAG AATGGfl CAflGTA - 3 ' 


3771-3788 


CD4521 


CW5 (R| • 


5 ' - CACACCCATACACACATACA - 3 * 


4280^261 



|FJ indicstes torwafd (sense) strand; |RJ, levcree (aniisense) stfand; Bn. biotin; p. a phosphorylaled 5' erxi (cassettes Aand 8): underlining. W/oHlsiles in cassettes A and B; 
onows, conesponding sequence (or S2 and S3 wiltiin cassettes A and B. respectively; txild. the Mmel site; and N, A, C. T. or G, nucleotide position based on the following 
accession numbers: gtycofwotein HD (J02764). glycoprotein tllA (M35999). PARI (Iv162424}. 16S iRNAand NADH2 (NC.00t807). thymosin p4 (M17733). chislcrin (M25915). 
neuro9rarwn(X99O76).TCRp-chain(AF043ie2).CD45(Y00638). * 

• Indicates an amino- modified 3' end in both cassetles; — , not applicable. 



Lnbeling Kit (En^o Diagnostics. FarT»ingdnlc. NY), and. after metal- 
induccii fragmentation, 15 p-g biofinylaied cRNA was hybridized to the 
)lG'U95Av2 oligonucleotide probe array for 16 boors at 45''C. After 
washing, tlw cRj^A was delected with strept3vidjit-pbycoeT> thrin (Molecu- 
lar Probes, EuEcne, OR) and analysis was completed by using a Hcwlett- 
Packaid Gene Array Scani>cr fAfT>Tnciji:)(). The average difference value 
(AU) for each probe set was quantified using MAS 4.0) sofrware 
(AffYnicirT:^), calculated as an average of fluorescence differences for 
perfectly matched versus singlc-nucleotidc mismatched 25-mer oligonucle- 
otides (16 to 20 oligonucleotide pairs per piobc set). The .<;ofiwarc is 
<lcsicned to e^iclude "positive calls" in the presence of high average 
diffciences wrTh associated high mismaich intcnsiiies. 

SAGE profiles 

l*I;ito)i-t SaGR libraries were generjrcd essentially as pJe^■iftusly de- 
scribed.' ' inodrlicd as outlined in rit;tiic i for ihc use of Atme\ as the 
frigging enzyme." This type IIS restrict ion enzyme cleaves 20 of 1 8 bp pa.si 
ris rKjopalindioniic (TCCRAC) iecogi>iliori sctjuence. ihcrebv generating 
longer rags or 3?-niet) ihan those obtained using S.i/f(FI a^ ilic standard 
lagging' cn/vme ll3-)4 bp ugs). rtic-^e tortgci ,tWI gcncraied tags 
|H>ierilialI)' piuvidc for more detinitlve "lag-ro-genc" idcmification atul aie 
paripcnJarly nsclul in characterizing e.>piessiori p;uitni5 in I he abiencc of 
com pie rc genomic .sequence <lai3 (compjehensivc me i hods derailed irr Dunn 
CI Briefly. polyfA) rnRNA was isolated ftoin 10 )ig loial platelet RNA 
using ihc olipo-iirr) SI primer conjugated to magneirr t>e:uls (Dynal 
Oioierh, Lake Sure ess. .MY), followed by eONA s\i) thesis using Super- 
Sriipi M 1 excise tr juscMpla.'.e (Invifiogen). The eDNA was ihen dipesied 



with the restriction enzyme A'/oIII (anchoring enzyme), ligated to cassette A 
using T4 DNA tigase, and, after the beads were extensively washed, the 
cDNA was digested with A^mel to release the lags from the beads. Afler 
purification, lags were ligaicd to degenerate cassette B linkers (5peC]f)cally 




FrpDip 1. 5tt>eiTi3 outlining the modified SAGE protocol used in ptaU-tfl 
anatyiPi. Ihe Unat tatjs ate flnnhcd t>y \he NlotW |;»nthtiii(K) enpyrne) CATG 
ie(ji«;nte. thereby providing tiKi to gene identiffcation when exported to a lelatioDal 
database (reter to '(Jiointomiatic aoalysies* and Inble t loi details). 
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designed to anneal to the nonuniform MmeJ overbangsX and PCR-ampIificd 
using biotinylatcd primers S2 and S3 for 30 cycles (95X for 30 seconds; 
. SS^C fox 30 seconds; ll^C for 30 seconds) using Platinum Taq DNA 
polymerase (Gibco BRL). A fraction (20%) of the pooled VCK products 
were then subjected to one round of linear amplification vsing primer pair 
S2/S3, followed by a second round of 25 amplifications using primer S2 
alone (95'*C for 30 seconds, 58*0 for 30 seconds, 72*C for 30 seconds). 
Primer S3 was subsequertily added for one cycle (95°C for 2.5 minutes, 
dSX for 30 seconds, 72^ for 5 mimiics): the latter steps were collectively 
adapted to exclude bcteroduplcx fonnation." Unincorporated primers were 
removed by incubation with 200 U Escherichia coli exonucleasc I for 60 
minutes at 37*C PCR products were then pooled and digested wiih NIo)}] 
to release lags, and bioiinylatcd linker amis were cleared using streptavidin- 
coated immunoaffinity magnetic beads (Dynal Biotech). Tags were con- 
catamerized using 5 U/^iL T4 DNA ligasc, and products more than 100 bp 
were isolated by size- fractionation in low* melting agarose gels. The DNA 
was purifitd by GKX spin co)umns. and the concatamers were cloned into 
the SphJ site of pZero (Invitrogen). Afler transformation inioEcoli TOP 10 
cells, recombinant clones were isolated and sequenced in 96-wen microtiler 
plates using, an ABI 377 sequencer and ABI Prism BigDyc terminator 
chemistry (Perkin- Elmer Applied Biosystcms, Branchburg, NJ). . 

Bibinfonmattc analyses 

Functional grouping of genes dciennined to be present by AfJymetrix MAS 
4.01 software was performed using a dChip program linked to the National 
Center for Biotechnology LocusLink, which is an annotated reference 
database for genes and their postulated functions.'" Of the approximately 
12 600-probe sets represented on the Affymeirix HG-U95Av2 Gene chip, 
functional annotations exist for approximately 8)00 with the remainder 
categorized as unknown. Microarray data were visualized and analyzed 
using DRB-ArrayTooIs software (Version 2.1), kindly developed and 
provided by Dr Richard Simon and Amy Peng (Iinus.nci.nih.gov/BRB- 
ArrayTools.hlml). A logarithmic (base 2) transformalion was applied to the 
average diffcrcijce values for individual data sets for del ermi nation of 
microarray concordant les. Discordancy was defined as a 2-log difference In 
the maximum log iniensiiies between individual experiments, 

SAGE tags were extracted by usinn in-house SAGE software uniquely 
modified lo identify A/nje] lags. The sofiwnre ensures lhal only unambigu- 
ous 21- to 22-bp lag sequences arc cxiocled for transcript profiling. Tags 
with ambiguities (Ns), lengths oiher than 21 or 22 bp, or with ambiguous 
orieniaiions were extracted to separate files for manual editing or further 
examination. Finalized data were c.-^iwrled lo a tclalional database for lag 
quantification arxJ genetic idem ificat ion.*'* 



Results 

Platelet purtficaltan 

To ensure thai the RNA profiles accurately represented those of 
circulating blood platelets, a nunr>bcr of complementary rnethoils 
weic implemented to rcininc I'ontaminating nucleated leukocytes. 
Purification methods incorporating iie] filtration, a 5-pn) leukocyte 
reduction filler, and maiinciic CD4.^ imnninodepleiion allowed for 
the cumulative enrichment of hjj;hly purified plaicleis. The efficacy 
of this purification method was initial ly oMablished by using 
peripheral blood plaielet-rir h p\:\smn as ihe starting material. The 
final piodiici contained no more than 3 to 5 Iciikocyles pet I X 10^ 
platelets as (teletniiuetl by p:iKiMeI flt.nv cyiomctric analysis. 
TCpieseniliiL* an appfoxiniaie 4S{).fo)(i jcduciion of nucleated 
leukocytes. These lesulis eouehiied well u iih inolecidar evidence 
for leukocyte depletion ns deieimined fiy KT-TCR using both CD-15 
and T-celJ terepioi (i-chain (ICKfi) prinieis (see Figure 2). 
Because the lotal RNA yield horn peripheial blood platelets was 
insufficient for fnieroaji.iy sitidies. wc adapted the piotocol to 
plaieiel aphe/csis donu.-s wjih neariy identical final pu/iiy (Figure 



A B 




Figure 2. Determmatton of platelet purity. (A) Total celtutar RNA (t.S fxg) Irom 
platelel-rich plasma (PRP) or purified pblelets from a single apticrcsis donor were 
Doatyzed by RTPCR (35 cycles) using ortgonucJeolide primers specific for glycopro- 
tein lib (GPIIb). T-cell receptor p-chain fT CRp), or CD45; 10 ;iL of the 50 reactions 
wero analyzed by ethiifium-slDined agarose gel electrophoresis. Ivtrnimal to no TCRp 
geno product was ^^su^lly evident only *n PRR Size markers conespondtng to 
HaellVrestrtcted ^174 DNA are shown. (B) Real-time RT-PCR was completed by 
using 1.8 j»9 total RNA and TCRp-specific oligonoclcolida primers optimized (or 
quantitative analysis by real-limo PCR.*» On the basis of parallel detenninations 
using RNA isolated from Known amounts of purified leiAocyte standards, the 
leultocyte-depletion pvolocol represents an approximate 2.5-log punficalion from the 
starting PRP. Results aie representative of one complete set of oxperimonts repeated 
on 2 separate occasions, and data points represent the mean from Iripficate wells, 
wiit> standard enors of the mean (SE (i*)) less than 1 % (not shown). 

2). The platelet recovery was nearly 65% of the starting malarial, 
yielding approximately 2.3 X JO" platelets from an initial aphere- 
sispack containing approximately 3.6 X JO" platelets. The bullc of 
the losses occurred during the initial cenlrifbgaiion and filtration 
steps. The purification protocol was Jess effective at removing 
crytJuocytes, aJlhough there were less than 50 glycophorin-positive 
cells per 1 X 10^ platelets after the final purification step. Nonethe- 
less, these cells represent unliJcely sources for conlaininating 
cellular RNA (see "Cellular microarray analysis" below). 

Cellular microarrDy analysis 

The purified platelet RNA was sufficient for microarray studies and 
was used for cRNA generation and hybridization to the Affymelrix 
MG-U95Av2 GeneChip. The anatomic profile of platelet RNAs 
from 3 beaJlhy male donors was determined by using Alfymetrix 
software. Of ihe J 2 599 probe sets imprinted onto the chip, a 
maximum of 2147 (17%) transcripts were computaltorrally identi- 
fied as "presenf* by Ihe Affymefrix software, 152 (1.2%) were 
equivocal, and nearly 82% were absent. As a fraction of the total 
genes present on the chip, the percentage of platelet-expressed 
genes (15%- 17%) was generally lower than that obtained from 
other himian cell types in which 30% to 50% of genes are present as. 
determined by Affymelrix software (J. Schwedes, personal commu- 
nicatioir. May 2002). The "limited number"" of pjalclet-exprcssed 
transcripts presumably reflects the lack of ongoing gene transcrip- 
lion in the anuclcale platelet. Because less than 1% of circulating 
red blood cells contain residual RNA, it is unlikely thai any of these 
iranscripis are erythrocyte derived, although this was formally 
addressed by isolating total cellular RNA fiom* 20 mL of whole 
blood (corresponding lo an -3- log fold excess of erythrocytes than 
that identified in our firtal sample). The total cellular yield of RNA 
fiou) this starting material was approxitnalcly 250 ng, suggesting 
thai less than I ng crythioc vie- derived RNA was present in the 
purified pl;^ielct prepai aliens. De.'ipiic ibis, however^ boih r*- and 
p-globin transcripts— aloni; with both the ferritin heavy and light 
chains — were identified as abundant iran.-iciipis (Table 2). A I- 
though (he most p;irsimonious c.xptirnation would be icsidiial cont;uul- 
nating leticulcxryies, ihis is not .supported by oui etythr ocy I e con lami- 
na lion estimates, and iheir significance lemains unicsolvcd. 

As a means of better dissecting ihe molecular ;m:iiomy of the 
plaielet. c.-xpicssed genes were grouped on the basis of assigned 
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Tabte 2. Top 50 human platelet-expressed genes 



Accession no. 


Gene symbol 


AD vahjes. range* 


Gone (TDnscriplt 


Leukocyte oxpressibnt 


" Mt7733 


TMSB4X 


140142-307 852 


Thymosin ^4 mRNA, complete cds 




X99076 


NRGN 


101 510-148279 


Neurogranin gerje 




M25079 


HB8 


40 839-229 556 


p-giobin mRNA. compl&re cds 


+ 


M25915 


CLU 


64 720-140 246 


Complemerrf cytotysis inhibirof (chisterin) comptolc cds 


- 


J04755 


FTHPl 


82 980-148 621 


Ferrilin H processed pseudogeno. complete cds 


- 


D78361 


0AZ1 


73 096-118 140 


mRNA tot omilhino decarboxylase anltzyme 


- 


X04409 


GNIAS 


77 761-94 781 


mRNA for ccHjpling protein G(s) o-subunil (a^a-SI) 


- 


. M25e97 


PF4 


62 811-128 908 


Pla(etet factor 4 mRNA. comptete cds 


- 


AB021268 


B2M 


• 61 689-108 921 


p2-m)aoglobunn 


-f 


X00351 


ACTS 


25 143-73 775 


mRNA (or p-actin 


_ 


D2t261 


TAGLN2 


76 687-101 931 


mRNA for KfAA0120 gene . 


-f 


AL031670 


FTLL1 


69 865-99 966 


Ferritin, Bghl potypeptide 1 




U59632 


' GPtlB 


41 404-110 328 


Platelet glycoprotcrn Ibp chain mRNA 




M21121 


CCL5 


47 308-106 399 


T-ceI^spccific protein (RANTES) mRNA, comptete cds 




X13710 


GPX1 


41 318-96 878 


Unspliced mRNA for ghilatbtono pcroxidasD 




J00I53 


HBA1 


21 326-144 201 


Atptia globin gene cluster on cfrromosome 16 




M22919 


MVL6 


4G 337-106 833 






L20941 


FTH1 


52 787-74 763 


F^m^he^^^'w^A ^plXcds''^ 






SPARC 


•it 1*1R.7J '>K1 


Or /ifA^j/Uiieuiieviiwi MtrvP'tMp Lurnpiuie cus 




X5G009 




to Ztt3'/^ Lfyo 


GSA mRNA for a sut>unit of GsGTP btndinp protein 




X58535 


HLA 




mRNA for major HLA cJass 1 locus C heavy chain 


* ^ 


M54995 


PPBP 


4DO/1-D/ 1d9 • 


Connective tissue activation peptide III mRNA 




U34995 


GAPD 


35 095-70 250 


Normal keratinocyle subslraction library mRNA, clone H22a 




L40399 


MLM3 


32 107-73 364 


Clone 20pl12 (mulL protein homolog 3) mRNA 




X7754fl 


NC0A4 


■ 31 452-61 036 


cDNA lor RFG (RETprolo-WKogerM; RET/P7C3) 




U90551 


H2AFL 


35 086-5 1 892 


Histone 2A-iike protein (H2A/I) mRNA 




M 11353 


H3F3A 


31 614-55 813 


H3.3 hisfone class C mRNA 




212962 


RP14 1 


36 003-54 853 


■ rwRNA lor twmologue to yeasi rit)OSomal protein L4 1 




X 06956 






HALKMA 44 ger>c lor o-luOufin 














Y1271 1 


PGRMC1 




mRNA lor putative progesterone birHfing proteiri 




M16279 


MIC2 ' 


in RQ4 1 Fin 


Integrated membrane protein (t^tC2) mRNA 




D78577 


YWHAH 


.24 785-50 437 






AF070585 


10P3B 


20 027-67 945 


Clone 24675, unknown cDNA 




AA524802 


Unl*nown 


23 846-39 481 


CDNA. IMAGE clone 954213 




AB009010 


use 


28 745-38 389 


mRNA lor polyubiquilin UbC 




X 57985 


H2AF0 


2 1 678-52 108 


Genes lor histones 1 12B. 1 and H2A 




X54304 


MLCB 


25 733-34 109 


rnRNA for myosin regulatory Hght chain 




M14639 


F13A1 


23 691-48 474 


Factor XI Jl subunil i>- polypeptide mRNA, 3* end 




AI540958 


Unhrwjwn 


24 872-41 118 


cDNA. PEC 1.2, l5_HOI.r f end /cton 




AL050396 


FLNA 


13 634-55 235 


cDNA DKF2p586K1720 




X56841 


HLA-E 


12 890-49 327 


Nonctossical MHC class 1 anligen gene 




M26252 


PKM? 


' 15450-47 786 


TCB (cytosoBc (byicad hormone-birKltng ptotein) 




M14630 


PIMA 


19 314^5 088 


Prothymosin alpha mRNA 




AF045229 


RGSIO 


19 156-34 243 


Regulator ol G piolein signaling 10 mRNA 




AA477898 


Unknown 


16 863-44 756 


cDNA. Z&34t08;fl5' end 




X95404 




15 216-37 456 


mRNA (or r»onmuscle type cofilin 




M34il80 


nGA?B 


8 627-45 495 


Platelet glycopiolein lib (GPIIb) mRNA 




283738 


H2BFE 


18001-31 306 


HH2B/e gene 




119779 


H2ArO 


17 319-38 951 


Histone H2A.2 mRNA, complete cds 





"Gene expression quanlif>c3 lions were calcutaled as the overage dittererKe (AD) value (matched versus mismatched oligonucleotides) tor each probe set using Attymclrtx 
GencCtrip *.othvaie. vprsion 4.01. The range ot vyiues liom 3 distinct plalelel rnlcroannys ii shov;n: the normatizalion value io» alt mictoanay analyses was 250, 

ITiansciiprs are r:»nK-oide»etJ (highesl to lovi^est) using DRB-Anay Toots ?ottv>^3(e by log- intensities o( AD values obtained (torn 3 differ enfbealthy donors: 33 ot tl»e lop 40 
transcripts wef*^ lisled among the lop 50 in all 3 microatroy sets. 

lleuKocyte e>piessian was delennirind by microarray analysis using ptrrihed perrphiiiat t>lood leukocytes, loMowed by corrstruction ol lanti- intensity plots lor comparison to 
platelet icp 50 tfanscripls.'~<'Top teuKocyle-dcrivcd Iranscrifjts IdcnllfiptJ wiltiin the ranked top 50ptotele1 Iransciipts aie di?pictfc(J tjy a ( t ) preser)!. or (- ) ahsenl. 

cds indicates codmg sc-riiienr.e. 



^^cnc aiinol:)lio)i5. nnd ihij :ni:i!ysjs w;is used i(v pjovitic a pnn- 
otiitnic (Icfiniiioii ol the plntelfi iryii.sctipiontc.-OI' the ^'Cm'.s t)iai 
con id be c:ii;Wou'cd within n.ssi lined "clui;ters. ' those involved in 
meiabollsni and leci-ptor/sitinalina (IJ%) icprcf>cr)icd ihc 

Jnrgcsi ptow))?. ,*\l50 evident in these nnalyses is the lebtivelv laiee 
perccntnce ot yencs irivoJvcd in functions wirelnied to these key 
{^*roups lie. inisoelhincouj;. 23%). ami the ovcitepfeseiitaiion of 
pene;; wiih unknown htnctjon (37%) :is .innol-iied by AflS'inefrix 



nnd RcfScq d:tt;ib.iscs.' ' These icsnlis identify a v.ist array (neajiy 
one kilf) of platelet genes (:ind ^cm pi od nets) ihni piesunnably 
h;ive iiiipoitnni^ but pooily chatacieiized foiK-iions. in platelet 
nnd'or ineji.ikrity'ocyte bioloey. 

Although rniciuriitay ruia lysis is not liiily rjunn illative, r.'ink- 
oideiinji using the nrean loj:- intensities from 3 indepertdent tiiicroai- 
r:iy nnalyscs allowed for the entej^oii'^.'tiion of the top platelet 
iionsctipis (Table 7). Coniputniional anylyses dctiionsO^Jied ihjit 
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only ] 0 of the top 1 00 genes were discordant among the 3 platelet 
microarrays, although 71 of J 00 genes were discordant be^ween 
platelet and leukocyte arrays. An inventory of tlie top 50 platelet 
genes is listed in Table 2, which also delineates those found to be 
highly expressed in periphejal blood leukocytes by parallel microar- 
ray experiments with this purified celhilar fraction (data not 
shown). Further analysis of these cell subsets demonstrated that 
approximately 25% (n = 547) of (he total platelet transcripts were 
platelet restricted. Furthermore^ only 10 of the 50 inost highly 
expressed genes were found to overlap,, confirming the distinct 
cellular profiles of each transcriptome. Of the 12 overlap genes, 3 
corresponded to globin or ferritin chains (again suggesting the 
presence of contaminating reticulocytes in both purified fractions), 
and another 4 were involved in actin cytoskeietal reorganization 
and human leukocyte antigen (HLA) expression, gene products that 
regulate critical functions in both cell types. Given the importance 
of cytoskeietal reorganization in downstream platelet activation 
events, it is not unexpected that components of the actin machinery 
system would demonstrate prominent transcript expression. Previ- 
ous estimates suggest that 20% to 30% of the total platelet 
proteome is comprised of actin with other components such as 
actin-binding protein, mysosin, and talin accounting for an addi- 
tional 2% to 5% of the total protein.' " The mRNAs encoding the 
actin-related machinery are overrepre.sented in our microarray 
analysis, with 8 such transcripts found among the 50 highest 
platelet-expressed genes. Interestingly thymosin p4 demonstrated 
the highest expression pattern. In unstimulated platelets, 30% to 
40% of actin is polymerized as F-actin,^^ whereas the balance of 
actin monomers (G- act in) are polymerization inhibited by seques- 
tering proteins such as profilin (100 ^M) and thymosin 34 (600 
^iM).'-^ The high thymosin p4 transcript expression not only 
correlates with its known abundance in platelets but also supports 
the importance of actin inhibitory proteins in maintaining the 
nonstimulated state of circulating platelets. 

Platelet SAGE analyses 

Although these initial studies identified the distribution and relative 
expression patterns of the genes within the Affymetrix data set. 
they do not allow for analyses of genes that arc unrepresented by 
these oligonucleotide chips. Unlike closed microarray profiling 
strategies, SAGE is an open architectural system that is ideally 
suited for novel gene and pathway identification. Accordingly, the 
platelet RNA used for microarray studies was used for platelet 
SAGE. A total of 2033 tags were initially cataloged, of which J 800 
(89%) corresponded to mitochondrial-dcrived genes. These results 
were quite different from those obtained by microarray analyses, 
but I he discrepancy can be resolved by the nonrcpresentntion of the 
mitochondrial genome on the gene chip. The mitochondrial ge- 
nome is a compact appioximaicly l6.f)-kilobase (kb) sequence 
encoding 13 genes and 2 libosomal siibunits/* Primar>' miiochon- 
driat transcripts arc polycistronic and rx'pically contain premnnirc 
tcmiinatibn or unpiediclabic .splice sites, resulting in multiple 
polyatJenylnied iranscripis from individual j^encs.-" '-^ Indeed, rhf 
ovfrail distribution of pJaie let- derived mitochondrial SAGE lags is 
quite similar to that foiind in mnsclc.^- All 13 genes containing 
NlitWl .sites were detcclciL whereas neither of the non-A'/ollJ- 
containing genes were idcnijtied (nicuiinamidc adenine dinncleo- 
tidc I NAD) I] dchydiogcna.se subunii -1L and adenosine Iriphos- 
phatnsr | ATP;ise] 8), Most ot the rai>s were fiont ihe I 6S and I2S 
ribo.*-innal RNAs — wljich collectively accounted Tar 68% o(* iHo 
total miiochondrial lags — wiih the fcwist tai;.'^ represented l>y 
f^ADU dehydrogcna5c subunit.^ .1. 5. b. and cyiochrome c oxidase I 
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Figure 3. Schema of the mitochondria) genome with SAGE tag distributions 
(only tags with identical matches are displayed)!. The abur»dance ol the SAGE 
togs (n = teOO) al indryidual A/totll sites (anonvs) within thft mitochondrial Aoavy 
strand is shown on the bollom. whereas those tags conespondtng to iho milotW*- 
drral tight strand are delineated above the anows (the prosonce ot an unaccompanied 
arrow tmpBcs no SAGE tags at that Wfalll site). The gone products of mt-DNA 
(RetSeq accession no. NC_001807) are delineated by the open rectangles, whereas 
stippled boxes represcnl tRNA genes, and control regions (the single lag represented 
by the n 'elers to mitochondriat transfer RNA-scrlne). Note (hat NADH6 is ericodod 
by the fight strand and that there are no Malll sites within the ATPaseS gene segment. 
COInJ. cytochforrje c oxidase subunit; Cyl b, cytochrome b. 

(Figui-e 3). The NADH dehydrogenase subunit 6 RNA is the only 
roRNA encoded by the light (L) strand of mitochondrial DNA and 
was the least abundantly delected transcript. 

The unusually high preponderance of rnitochondrial-derived 
genes is not inconsistent with the known enrichment of these 
genomes in human platelets,'''* and presumably reflects persistent 
transcription from the mitochondrial (ml) genome in the absence of 
nuclear- derived transcripts. This overrepresentation of ml DNA in 
platelets is considerably greater than that of its closest cell type 
(skeletal muscle), in which mt genomes represent appro;(imately 
20% to 25% of all SAGE lags." Interestingly, die energy metabo- 
lism of platelets is not dissimilar from that of skeletal muscle, both 
cell tjpes actively using glycolysis and large amounts of glycogen 
for ATP generation^ Like muscle, platelets are metabolically 
adapted to rapidly expend large amounts of energy required for 
aggregation, granule release, and clot retraction. Similar to the 
situation in all eukaryolic cells, platelet mitochondria represent the 
primary source of ATP, which is generated from oxidative phosphor- 
ylation reactions occurring within these organelles. Mitochondria 
are also responsible for most of the toxic reactive oxygen species 
generated as by-products of oxidative phosphorylation and are 
central rewdators of the apoptoiic process in other cellular types, 
ihe mlDNA encodes polypeptides found within 4 of the 5 
multifunctional complexes that regulate oxidative phosphorylation 
within the platelet mitochondria." Whether the continued genera- 
tion of these polypeptides has a role in platelet energy rnelabolisrn 
and/or the. apoptotic mechanisms regulating platelet survival re- 
mains speculative, alihoujih noi inconsistent with our observations. 

Comparative analysis of SAGE and nr»icroarray 
transcript abundance 



Complete SAGE libraries require the sequencint? of up to 30 000 
taiis for an e.ihausiivc cataloging of individual inHNAs, especially 
those with limited copy numbers. '^-^ Given the preponderance of 
nit- derived iianscript?. comparable sampling would have lequired 
.<;equcnce analysts of nearly 300 000 SAGC tag.s, an inordinate 
jmmbcr Tot comprehensive analysis of the p):iielei tran.scriptonie. 
l~oi platelets, alternative methodologies Incorporaiing subtiactive 
SAGI: will be required for n)Oie comprehensive tianscripl piofd- 
inL'.'" Our initial sa(t)plinLt of nonmiiochondrial genes icmains 
inlonnaiive. however, and entiiely consistent with, the lesuhs of 
platelet micioar iay sindipN. As .shown in Table 3, SAG I: tags foi the 
jicnes cneodini^; ihyrnosin (i-l, (i2-rnicrogtobulin, ncuroiirnnin, and 
the platelet i;lYcopiotein Ibp polypeptide were anion^ the most 
frequently rdeiiiiried platelet tjenes. similar to the rank-o/dered 
K sults detennint d by (nicfoaniiy analysis. To foitnally cordirni tlie 
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Table 3. SAGE-idcntificd noronttochondrial tags 



Fiequcncy 



26 
21 



CATG + SAGE lags' 



Accession no.| 



Gene 



MiaoarroyJ 



GTT GTGGTTAAT CT GGT 

TTGGTGAAGGAAGAAGT 

AGCT CCGCA6CCAGGTC 

AGCTCCGGAGCCGGGTT 

TGTAT AAAGACAACCTC 

GGGCACAATGCGGTCCA 

AGGTAATAAAAGGTAAT 

AGTGGCAAGTAAATGGC 

T GACT GTGCT GGGTT GG 

TTGGGG7TTCCTTTACC 

CCCTTGTGACTACCTAT 

CCTG7AACCCCAGCTAC 

CTTGTAG7CCCAGCTAC 



NM_ 004048.1 p2-n)iao9k)buRr»{B2M), mRNA 

NM_021 109.1 Thymosin X chromosome (TMSD4X). mRNA 

NM_002620. 1 Plalelel lactof 4 vai iani 1 {PF4VI); mRNA ' 

NM_0026iai Plal8tel*3Cto»4(PF4).mRNA 

NM_002704. 1 Proplatetet basic pfoletn (^thromboQlobuSn) 

NM_0O04O7.t GJycoprolein Ib^ polypeptide. mRNA 

NM_003512, 1 H2A Wstone lomily. member L (H2AFL). mRNA 

NM_021914.2 Coniin2(musde)iCFL2).mRljiA 

NM_006176. 1 NetiTogiarvn (protein kinase C subslrale, RC3) mRNA 

NM_ 002032.1 Ferritin, heavy polypeptide HFTHI). mRNA 

NM_02515e.1 Hypothetical proleinFU22251 (FLJ22251).mRNA 

NM_032779.1 HypotheliCDlproletnFU14397(FlJ14397).mRNA 

NM.01796Z1 Hypolhelical prolein FLJ20B25 (FLJ20825). mRNA 



PPP 

P 

P 

P 

Pp 

P 

P 

N/A . 

P 

P 

N/A 
N/A 
N/A 



1Re^ ^e RelSeq accession no." Note It^al this number does necessarily conespond to the accession no. provided by Aftymetm. software arrnotaf ons flBbte 1). 
Piel^eVp) or absence (A) is based oh results tro^ 
expe^menls wbe eos small 'p' designates those transcripts nol in the top 50. Two of the ger>es (p^miqoglobulin and p-lhromboQlobuBo).are 'epre^ented by 3 and 2 probe 

olhei probe set was in the top 75 tor all experiments). WA indicates oRgorMiclootide not present on AffymelrU HG-U95Av2 gene ch,p. 



results independently obiained by SAGE and microarray analysis, 
quantitative RT-PCR was completed by using oligonucleoiide 
primers specific for 2 abundant milochondn'al transcripts, 16S 
rRNA and NADH2 thymosin p4 (high- abundance by microarray 
and SAGE), 2 incompletely characterized high-abundance tran- 
scripts (neurogranin and clostcrin; see "Protein immunoanalysis of 
platelet clusterin and newrogranin"). a low-abundani transcript 
(T-cell receptor p-polypeptide), and the genes encoding proteins 
with well-established quantitative determinations (ie, glycoprotein 
a„np3 1-50 000 rcccptors/plaielet); protease-aclivated receptor- 1 
.(PARI) (-1800 reccptojs/plaielct]).' As shown in Figure 4, these 
analyses reveal excellent concordance between SAGE and microar- 
ray studies, demonstrating the predominant frequency of the 
mitochondrial- derived 16S rRNA/NADH2 transcripts, with incre- 
mentally lower expression of other transcripts as initially demon- 
strated by microarray { 16S > NAD! 12 > thymosin |J4 > neurogra; 
nin > clusterin > o„rP.i > PARI > TCRP). 

Given the small number of nonmilochondrial SAGE lags 
available for analysis (n = 233), limited conclusions can be drawn 
using traditional (nonsubtraciion) plalelel SAGE libraries as prc- 




ripKif 4. Qo;»nrit3(ive ic.-il limc RT PCFt analysis ot piDlelet transcripts. Real- 
time RIPCF^ was. com pit ted by ni-'ifU) pufiNetJ plolelel f^NA ar»d oligonucleoliUe 
piimei p^ir:. ^p^?Clf»coMy Ue.stgneO us'f>g Pi>niffi,T iuUwjjre to generate siinitatly-sized 
( -700 bp) PCR protJocts. oi)!imi:cti lo itie sntne annealing icmpeiotuit;. In graph. 
O lepieitnts Hb. ("J (epie:-cnis lib. UV) irpfe:.ents PARI. (A) lepf events 16S 
(RN/\, (^))cp(e.'^^enti NADM?. (▼) *«*P*eienli Ihyfoosin, | O) lepfesenls cluslpiln. (♦) 
rcpiesprits n(;(.ffOf)ronin, &nO {•) f rpi ei-f nis I CPfi Cijrvei are repiescniative ol one 
tomplele iPt ol opcrimt nt:, (repe.'vlt^d twice), jtnij line plot!, reflecl aver Dye 
<Jete(rn;(i;tik»n;. tiopn 3 v.nV^ t'*''!o'">» (* i'» pnK.tte' -.vlth SFiM less Ihnn 1% lot all 
iiri\3 poi^tii. 



sented here. Overall, a total of 126 unique tags were identified, the 
majority of which (94) were represented only once. Of the total 
unique tags, nearly one half represented novel genes not present on 
the Aflymelrix U95Av2 GeneChip. Of the genes with unique tags 
identified more than once, there was excellent concordance with 
microarray expression analysis, with nearly all of the SAGE tags m 
Table 3 corresponding to platelet top 75 microarray transcripts. The 
platelet factor (PF) 4 variant represents a single aberration because 
this was rank-ordered approximately 350 by microarray, although, 
its SAGE lag frequency was identical to that of the predominant 
rF4 transcript. The lack of extensive nonmilochondrial SAGE 
sampling precludes any further extrapolations from ihis apparent 
aberration. Of note, a subset of these lags had long poly(A) tracts; 
although they all corresponded to genes identified in the RefScq 
database.'' We cannot exclude the possibility of a SAGE artifact 
for this small subset of tags (-2%, representing 46 of 2033 tags), 
allhough the authenticity of the va.st majority of tags (-98%) 
clearly validates the methodology. These tags are mosi likely 
explained by the unique biology of the platelet (ie, mRNA decay in 
the absence of de novo transcription) or to mRNA degradation 
occuning during the extensive purification methods. In summary, 
even with a lemaikably limited sampling, the power of Ihis 
approach in gene identification of relatively abundant and less 
abundant transcripls is evident. It is clear however, given the 
unique molecular analoiuy of the platelet (ie, abundance of 
milochorulrial transcripts), thai SAGE adaptations will be required 
for iTiore comprehensive genetic profiling." 

Protein immunoannlysis ol platelet clusterin and neiiroyrarun 

Although most of the "mo.st abundant'' transcripts would conform 
to n priori predictions for platclet-expies.sed mHNAs, a number of 
transcripls were identified that had been |>oojly characterised in 
human platelets. To further establish the authenticity of highly 
expressed irnnscripis stieh as clusterin nnd neurogranin, confinna- 
\or\- protein analvscs wcie completed. As shown in 5, both 

proteins wcie clear ty delected in pmihed platelet ly.sate.s; fvirihet- 
more, iheii ccllulai platelet di^tributioTis conlonued lo those 
predicted bnsed on previously proposed fimctions. Note for ex- 
.'tinple thai clusterin — lunclionnlly chaiyctciizcd as a complement 
Ivsis inhibitor able to hloci; the terminal romplernenl react ion— is 
piimanlv expies::evl on the exKaccllnlar platelet nietribianc.^" 
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Figure 5. hnmumwnalysis of ptatelrt nctiroflrenm and 
chistcrin. (A*) Get-Wlered ptertetefci were eithcf fixed in 
3J% formaWthydo (nonpemJoabiRzod) « fbtod wilh pem»- 
abiSzation in tho presenco of 0.1% Trito^X; toBcnwd by Kcw 
t>lonrefrk:anatyseusmgantidustem,ar^ . 
rogranin antibtxScs and lh& FTTOcor^gated spodes^ 
spodfic socnrxtory anblwdy fm. C,jho FfTCconfugated 
artJrabba and ontimouso conirots are cssonSaBy si^x^fm- 
posed). (E-F) Ten mtcrograms of sehiWcod ^(cpG2 ccBs 
(hepatocyte eel fine), human brain, or puified pbtotet fysales 
were anatyzed by SDS-PAGE»". ond immunoWcl ana)y^ 
were ccmpteled by usng i;100b'dOui»ns ©tther anlincuro- 
granin {1^% SDS-R\GE) cr artkiustenn (S% SDS-PAGE) 
anftxxfies. The antidustorin anfiwdy recognized 2 ptatetet 
inmuncf eadive spedos under, shorter exposuo. Although 
ihe rebtive neurograrwj and dusterin protoin abundances 
aie sti)Opftnany (juantifiod by Iheso.arcrfyses. ptotolel dus- 
tern appears to demonsfrato cbn^dsable ejcpression when 
compared w?lh thai proviousJy iddnliftod in hepotocytos.^* 



Given the importance of complement activation in pJatelel destruc- 
tion, the prominent expression of cell-surface dusterin might 
suggest a role for this protein in nonnal and pathologic events 
regulating platelet survival. Interestingly, a clusterin-deficienl 
knockout mouse has been generated thai demonstrates euhanced 
cardiac dysftinciion in a model of autoimmune myocarditis.^' 
Although these mice apparently have normal baseline hemograms 
(B, Aronow, personal communication, October 2002), it remains 
unestablished if they would be predisposed lo immune-type 
Ihrornbocytopenia in systemic models of autoimmunity. 

Similarly, Ihe gene encoding an intracellular effector prptem 
that may have key roles in dov^istream platelet activation events 
has now been dcmonst rated to have abundant transcript expression 
in human platelets. Nemogranin is a highly expressed platelet 
transcript wilh its gene product deinonstrnting a primarily intracel- 
lular patlcrn of distribution. Nemogranin is generally described as a 
brain- spec ilk, Ca'^ -sensitive calmoclulin-bindit)g phospboprotem 
that is preferentially expressed in neuronal cell bodies and den- 
dritcs."'"'^ It is a specific protein kinase C (PKC) siibsirate that can 
also be modified by nitric oxide and other oxidants to form 
intramolecular disulfide bonds. Both its phosphorylation and 
oxidation state attenuate its binding affinity for calmodulin.^^ In 
stimulated platelets, PKC generation is linked to various activation 
pathways such as calcium- regulated kinases, mitogen-aclivated 
protein (MAP) kinases, and receptor r>'rosine kinases.' Thus, these 
observations suggest thai platelet neurogranin may fimction as a 
previously unidentified component of a PKC-dependeni activation 
pathway coupleil to one (or more) of these effector proteins. 



Discussion 

These data provide documentation for a unique platelet mRNA 
profile ihat rnny provide a tool for analyzing platelet molecular 
network.';. Noncihcless. the molecular analysis of the pKitclct 
iiniiscriptoine mav be confoniuk-d by rhc constant decay of 
mKNA-'^ in the ;ibscnce ol new gene trnnscnpiion, a simation thai 
may. for c\ ample, limit the identification of low- abundance 
Iranscripis. Similar I v. hccausr the circnlaiini^ platelet pool coiUains 



a mixed population of variably aged platelets, a "static" mRNA 
profile represents an average of this helerogencous blood pool. 
Despite these potential limitations, the combination of genomic 
and proteomic technologies are likely to provide powerful tools for 
the global analysis of platelet function. CunenI strategies for 
cataloging "whole cellular proteomes" are generally accomplished 
by using 2 developing methodologies:.{ 1 ) high resolution 2-dimen- 
sional polyacrylamide gel electrophoresis (2-DE) with mass spec- 
trometric sequence identification,^ and (2) microcapillary liquid 
chromatography with tandem mass spectrometry (p.LC-MC/ 
MQ.^* Further modifications of both procedures have been devised 
for direct comparative studies between 2 cellular proteomes. The 
introtluction of 2-DE differential gel electrophoresis has now made 
it possible to delect and quantify differences between experimental 
sample pairs resolved on the same 2-dimensional gel.^* Like%yise, 
the application of isotope-coded affinity tags to ^LC-MC/MC 
represent a novel means of quantitative analyses behveen cellular 
proteomes." The success of both approaches relies on the availabil- 
ity of comprehensive genomic databases and mathematical algo- 
rithms for optimal protein identification. Indeed, mathematical 
modelirig studies have demonstrated the need to delineate both 
. protein and mKNA expression levels for optimal definition of 
intracellular networks.^' Our, data present an initial framework for 
delineating platelet fiinclion by defining the molecular anatomy of 
human platelets, information that is likely to provide important 
clues into the dynamic protein interactions regulating normal and 
pathologic platelet functions. Furthermore, because the platelet 
transcriptome mirrors the mRMAs derived from prectirsor 
met?akaryocytes, these analyses may provide insights into the 
biochemical and molecular events regulating megnkao'ocytopoi- 
esis and/or proplatelel formation. 
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Overexpression of a DEAD box protein (DDXl) hi neuroblastoma and 
retiuoblastoraa cell lines. 

Godbout R , Packer M , BieW. 

Department of Oncology, Cross Cancer Institute and University of Alberta, 1 1560 
University Ave., Edmonton, Alberta T6G 1 Z2, Canada. 

The DEAD box gene, DDXI, is a putative RNA helicase that is co-amplified with 
MYCN in a subset of retinoblastoma (RB) and neuroblastoma (NB) tumors and cell lines. 
Although gene amplification usually involves hundreds to thousands of kilobase pairs of 
DNA, a number of studies suggest that co-amplified genes are only overexpressed if they 
• provide a selective advantage to the cells in which they are amplified. Here, we further 
characterize DDXl by identifying its putative transcription and translation initiation sites. 
We analyze DDXI protein levels in MYCN/DDXl -amplified NB and RB cell lines using 
polyclonal antibodies specific to DDXI and show that there is a good correlation with 
DDXl gene copy number, DDXl transcript levels, and DDXl protein levels in all cell 
lines studied. DDXl protein is found in both the nucleus and cytoplasm of DDXI - 
amplified lines but is localized primarily to the nucleus of nonaniplified cells. Our results 
indicate that DDXl may be involved in either the fonnation or progression of a subset of 
NB and RB tumors and suggest that DDXl normally plays a role in the metabolism of 
RNAs located in the nucleus of the cell. 



PMID: 9694872 [PubMed - indexed for MEDLINE] 
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Modulation of gap junction mediated intercellular communication in TM3 
Lcydig cells: 

Poldcnbcrfi RO . Fortes FS . CrIstanchoJM, Morales MM Franci CR. Varanda WA 
Campos de Carvalho AC ~ " — ' 

Institute of Biophysics Carlos Chagas FiUio, UFRJ, Brazil. 

L TM-lTevH v"" m'"" °f «>™™nication via gap junctions was investigated 
Zu^ ' ^""^ '"'^ ^'^^ confluence states, and upon treatment of the 

?p^cf rT''". '^^P™'''" ^"^'^ A (PKA) and protein bnase C 

(FICC). Cells .n low conttuence were readily coupled, as detemiined by transfer of the 
dye Lucfer Yellow; on reaching confluence, the cells uncoupled. Western blots and RT- 
PCR revealed that connexm 43 (Cx43) was abundantly expressed in TM3 Leydig cells 
and expression was decreased atter the cells achieved confluence. Stimulation of PKA 
or PKC induced a decrease m cell-cell communication. Staurosporin. an inhibitor of 
protein hnases increased coupling and was able to prevent and reverse the uncoupling 
acnons of dibutyryl CAMP and 12-0-tetradecanoyl-phoAol-13-acetate (TPA) UnSer 
modulat,on by confluence. Cx43 was localized to the apposilional membranes when cells 
MP*"" H T "^'^ cytoplasm when they were uncoupled. In addition 

^creased ,t^ These data show a strong coaelatioh between functional coupling and the 
membrane d.stnbuUon of Cx43. implying that this connexin has an importantile in 
intercellular communication between TM3 ceUs. Furthemiore, increased testosterone 
secretion ,n response to luteinizing hormone was accompanied by a decrease in 
intercellular conununication, suggesting that gap junction mediated coupling may be a 
modulatorpfhonmonesecretioninTM3 cells. f b y 

PMED: 12740021 [PubMed - indexed for MEDLINE] 
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Expression level of Ubc9 protein in rat tissues. 



Golcbiowski F. Szulc A . Sakowicz M . Szutowicz A. Pawelczvk T . 

DepartmentofMolecularMedicine, Medical University of Gdansk 80-211 Gdansk 
Poland. 

Ubc9 is a homologue of the E2 ubiquitin conjugating enzyme and participates in the 
covalent linking of SUMO-I molecule to the target protein. In this report we describe a 
simple and efficient method for obtaining pure human recombinant Ubc9 protein. The 
purified Ubc9 retained its native structure and was ftiUy active in an in vitro sumoylation 
assay with the promyelocytic leukaemia (PiVfL) peptide as a substrate. In order to better 
understand tlie physiology of Ubc9 protein we examined its levels in several rat tissues. 
Immunoblot analyses perfoimed on tissue extracts revealed quantitative iind qualitative 
differences in the expression pattern of Ubc9. The Ubc9 protein was preseht at a high 
level m spleen and lung. Moderate level of Ubc9 was detected in kidney and liver. Low 
amount of Ubc9 was observed in brain, whereas the 1 8 kDa band of Ubc9 was barely 
Visible or absent in heart and skeletal muscle, hi heart and muscle exh-acts the Ubc9 
antibodies recognized a 38 kDa protein band. This band was not visible in extracts of 
other rat tissues. A comparison of the relative levels of Ubc9 mRNA and protein 
indicated that the overall expression level of Ubc9 was the highest in spleen and lung. In 
spleen, lung, kidney, brain, liver and heart there was a good correlation between the 18 
kDa protein and Ubc9 mRNA levels. In skeletal muscle the Ubc9 mRNA level was 
unproportionally higli comparing to the level of the 18 kDa protein. 'ITie presented data 
indicate that in the rat the expression of the Ubc9 protein appears to liave some degree of 
tissue specificity. 
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ABSTRACT 

Molrvation: Proleir> abundance is related lo mRNA 
expression through many different, cellular processes. 
Up to now, there have been contlicting results on how 
correlated the levels of these two quantities are. Given that 
expression and abundance data are significantly more 
complex and noisy than the underlying genomic sequence 
information, it is reasonable to simplify and average them 
in terms of broad proleornic categories and features (e.g. 
functions or secondary structures), tor understanding their 
relationship. Furthermore, it will be essential to integrate, 
within a common tromewotk, the results of many varied 
experiments by different investigators. This will allow one 
to survey the characteristics of highly expressed genes 
and proleins. 

Results: To this end, we outline a formalism for merging 
and scaling many different gene expression and protein 
abundance .data sets into a comprehensive reference 
set, and we develop an approach for analyzing this in 
tetms of broad categories, such as composition, function, 
structure and localization. As the various experiments are 
not always done using the same set of genes, sampling 
bias becomes a central issue, and our formalism is 
designed to explicitly shov/ this and correct (or it. We apply 
our formalism to the currently available gene expression 
and protein abundance data for yeast. Overall, we found 
substantial agreement between gene expression and 
protein abundance, in terms of the enrichment of structural 
and tunctional categories. This agreement, which was 
considerably greater than the simple correlation between 
these quantities lor Individual genes, reflects the way 
broad categories collect many individual measurements 
into simple, robust averages. In particular, we found 

uljorn copje>i>oiKldit c .should br 3ikf(C,s.scit 



that in comparison to the population of genes in the 
yeast genome, the cellular populations of transcripts and 
proteins (weighted by their respective abundances, the 
transcriptome and what we dub the translatome) wore bolh 
enriched in: (i) the small amino acids Val, Gly, and Ala; 
(ii) low molecular weight proteins; (iii) helices and sheets 
relative to coils; (iv) cytoplasmic proteins relative to nuclear 
ones; and (v) proteins involved in 'protein synthesis,* 'cell 
structure,' and 'energy production/ 
Supplemer»t3ry information: http^/ge necensus.org/ 
expression/translatome 
Contact: marl(.gerstein@yalc.cdu 

INTRODUCTION 

High ihronghpiH experimentation, measurirrg niRNA 
(Schena ei at, 1995; Eisen ar)d Brown, 1999; Ferea 
nnd Brown, 1999; Lipshuiz ei ni, 1999) nnd protein 
expression (Anderson and Seilhnmer, ]997; Fulcher ei ni, 
1999; Gygi et ai, i999a; Ross-MacdonaM ei oK, i999; 
Lopez, 2000; MacBeath and Schreiber, 2000; Nelson 
et ai, 2000; Zhu ei ni, 2000) are currently the single 
richest source of genomic information. However, how to 
best interpret ibis data is si ill arj open question (Basse it 
ef at., J 996; Wilies and Friedman, 1999; Zhang, J 999; 
Ccrsiein and Jansen, 2000; Sear Is, 2000; Sherlock, 2000; 
CJaverie, J 999; Einarson and Golcmis, 2000; Epstein and 
Butow, 2000; Shapiro and Harris, 2000). U ruler si an ding 
how protein abundance is related (o mRNA uanscript 
levels is essential for interpreting gene expression, protein 
interactions, structures and functions in a cellular sys- 
tem (H:it'/imanik3tis ei ai, 1999). Moreover, as protein 
concentration is the more relevant ■ variable wiih respect 
10 enzyme activity, it connects genomics lo the pJrysical 
chemistry of ihe cell (Kidd t>! ni, 2001). Protein abun- 
dance may also be irn'aluable for diagirosiics ami lor 
ilcierrninint' ilnjg l;irgets fCoithals ei oi. 2(X)0). 
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Previousiy. we surveyed the population of protein 
features — such as folds, amino acid composition, and 
functions — in yeast, and other recently sequenced 
genomes (Gerslein, J 997, J998a,b; Gerstein and Hegyi, 
J998; Hegyi and Gerstein. 1999; Das and Gerstein. 
2000; Lin and Gerstein, 2000)/ and we extended this 
concept to compare the population of features in the 
yeast transcriptome to that in the genome (Drawid et 
ai, 2000; Jansen and Gerstein, 2000). Others have also 
done related work (Frishman and Mewes, 1997; Taiusov 
et ai, 1997; Jones, 1998; WaJIin and von Heijne, 1998; 
Frishman and Mewes, 1999; Wolf et oi, 1999). Here, we 
present a new methodology to compare (he features of the 
. mRNA expression population with the protein abundance 
population. 

Precise terminology is essential for this comparison. 
Unfortunately, ^proteome' is used inconsiisiently. Pro- 
teome can logically be used to describe all the distinct 
proteins in the genome (Qi ei al, 1996; Cavalcoli et oi^ 
1997; Fey et ai, 1997; Carrels et ai, 1997; Gaasterland, 
1999; Jones, 1999; Sali, 1999; Tekaia et o/.. 1999; 
Bairoch, 2000; Cambillau and Claverie, 2000; Doolitile, 
2000; Pandey and Mann, 2000; Rubin et ai, 2000) and, 
in this context, it is equivalent to what others may refer 
to as the coding part of the genome. However, in papers 
on two-dimensional (2D) electrophoresis, it is often used 
to describe the sum loiai of proteins in a cell, taking 
into account the different levels of protein abundance 
(Shevchenko et ai, 1996; Gygi et aL, 2000a; Lopez, 
2000; Washburn and yaies,.20OO). In an effon to be clear, 
we propose the term 'translatonie" for ihis second usage 
of proteome. 

With this definilion, we are able to refer compactly to 
three different cellular populations. These are illustrated 
in Figure L 

(i) We use "the term genome when we refer to the 
population of open reading frames, where each ORF 
counts once. 

(il) We use the term tronscripiome when we refer to 
the popnialion of niRNA irnnscripis. This term was 
originally coined by Vclculescu et nt. (1997). Note 
thai each ORF may give rise to tliffereui numbers 
of transcripts. Consequently the ir:mscriptomc is 
essentially the same as the genome but with each 
ORF weighted by its e,\piess)on level. 

(iii) The next level is the cellular population of proteins. 
As each protein represents a tran^;Irticd trnji.vcript, 
we make an nn:ilo^y with ihe tenn transcriptome 
and use ihe lenn trnnyhiiome us described nbove 
to describe this third populntriMi. Thus, the ir:in.s- 
laiume is a sutiset of the tenome wheie each 
ORF is weiglned by its a.ssoci.tied level of protein 
abundance. 



Note that one could also less compactly call Ihe trans- 
latome a ^weighted proteome.* However, doing so assumes 
one of the two aforementioned definitions of proteome. To 
avoid ambiguity, we studiously avoid the use of proteome 
altogether in the paper. 

Differences between the iranslatomc and the transcrip- 
tome exist given that transcripts from different genes 
can give rise to different numbers of proteins, due to 
different rates of translation and protein degradation. 
Post- transcriptional modifications further affect the 
translatome. 

In our analysis of the transcriptome ar)d translatome, we 
focus on global protein features rather than the compari- 
son of individual genes. Previous analyses have shown that 
differences between mRNA expression and protein abun- 
dance levels can be quite dramatic for individual genes. 
. TTiis may either be due to the noise in the data or to funda- 
mental biological processes. Howeveir, our arialyses show 
that Ihe variation between traniscriptome and translatome 
is much smaller for global properties thai are computed by . 
averaging over the propenies of many individual genes. 

METHODS 
Data sources used 

For our analysis we culled many divergent data sets, 
representing protein abundance and mRNA expression 
experiments and also other sources of genome annotation. 
These are all summarized in Table 1. 

Biases in Ihe data 

Ihe databases that annotate the specific genes may 
not always be accurate (Ishii et ai, 2000). Gene Chip 
experiments suffer with regard lo cross hybridization 
and the saturation of probes. SAGE data degrades for 
lowly expressed mRNAs. 2D gels are unable to resolve 
membrane proteins (approximately 30% of the genome) 
and basic proteins (Gerstein, J 998c; Krogh et al., 2001). 
In addition, the procedures for identification and quan- 
tification of the protein spots are subject to. uncertainties 
(Haynes and Yates, 2000). Human biases include the 
lack of low abundance proteins (Fey and Larsen, 2001; 
Gygi et ol., 2000b; Harry et ol., 2000) and the differences 
between laboratories in sample prep:iration. Our reference 
expression data set aiiernpts lo resolve these problems. 

Data set scahng 

A reference set for niRNA e:xpression. With many dilfer- 
ent rnRNA expression data sets available, it is worthwhile 
to integrate them into a single unified refejeuce set, with 
ihe intcniion of reducing the noise and errors contained in 
the individual data sets and lo obtain a unified estimate of 
Ihe nonnal expression state in a cell. 
We adopt an iterative scaling and jiterpin*.' fonnalisnr. 
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Fig. 1. Schcmalic overview of ihc analysis. On the left-side we outline the terms wc use to describe the process of gene cxpiession. The 
coding section of the genome is transcribed into a population of mRNA transcripts called the 'transcripiomc.' The transcripts in torn arc 
translated to a population of proteins; v/e use ihc term 'translalomc* for this protein population rather than the alternative *protcomc' because 
the latter term may be confounded with the protein complement of ihc genome (which is no! necessarily associated with a qu^miilativc 
abundance level). 

The matrix in the middle schematically shows an analysis of the three stages of expression. In general, wc define a protein 'population* as 
a set of genes associated with a corresponding number of expression or abundance levels ('weighls'): Jn the matrix each row represents a 
weight and each column a gene set. In particular, we differentiate between the mRNA reference expression set (GmRNA = ^Cca)* wluch 
essentially covers the complete genome, and the reference protein abundance set (Cp,o,) which contains the proteins in data sets 2-DE#l and 
2-DE #2 (see Table I) because the protein abundance set is a significantly smaller subset of the genome. By definition, this subset contains 
only proteins that can be identified by 2-b gel electrophoresis and is therefore biased in this sense. The enrichment figures throughout this 
paper, through a comparison of ihe right- and left-sides of this figure, show the results of the experimental biases of 2D gels on the data set. 
Each pie chart represents a composition of a particular protein feature F (for instance, an amino acid composition) in a population (rcpfcsentcd 
by ihc symbol ^i). Wc can further look at I he 'enrichment' of this feature in one population relative lo another (represented by the symbol A, 
sec Section 'Methods* for an explanation of the fonnalisrn). 



which we summarize below. We present a more detailed 
review of (he methods on our web site. 

We Stan with the vnlues of one gene chip ihiia set Oi 
where i is used thiottghout as a subscript to denote gene 
mimber. We ihcn iransfonn Ihe vnliies of ihe next Gene 
Chip data sel X, lo X, with the following non-linear regres- 
sion: minj^. (>', - Uif with = AXP where A and 
ore the parameters of (he regression. Note that two Gene 
Chip seis may no\ be dehned foi ihe same sei of genes, 
so we have to perfoim the fit only over the genes com- 
mon 10 both sets. The motivation for scaling is thai ihe 
dynamic range of observed e,xpre5sion levels varies some- 
what between different data sets, although cell types and 
growdi condt lions are veiy similar. Reasons lor di spa r- 
iiy may include dilfeieni calibration pjocedutes for relat- 
ing finorescence inu-nsily fo a celhihtr concentration (niea- 
snred m copies of iianscripis pt i cell) or diKerenl pro- 
tocols for haivesling and reverse- iKinsct Ibing the cellular 
mRNA. 

We then merge ;jnd aveiage ilie da I a to create a new 



reference set V as follows; 

If ifi and Y: are both defined for »ene j and ~ < a 

Yi -f Ui 

Then V, liYi^Ui) 

Else if only Yi exists, V; = Yi 

Else v;- = Ui. 

As presented above, where only one data set has a value 
for the conesponding ORE, we incorporated that value 
and did not e.^ chide it. When both data sets have values 
for an ORE, we averaged the values if they were within 
•13% of each other; otherwise, we just stayed with the 
original chip data set Ui- We used u ~ 15% in oider to 
prevent outliers Irom skewing the result. This 15% value is 
a rea.sonaNr ihiesliold for excluding outliers though other 
values (e.g. 10 or 20%) would give similar results (data 
not sbowtr). Oihei daia sets ate snbsequenily included in 
the .same pjocedtne. continuing the iter al ion from the new 
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expression values V/. The initial iteration starts with the 
Young Expression Set, as I/,-, since we have the highest 
confidence in its accuracy. 

The SAGE data (Velculescu et al, J 997) was not 
incJuded in the above procedure since it is of a funda- 
menlaJly different nature. An advantage of the SAGE 
tecb)oJogy over Gene Chips; is that there is no possible 
signal saturation for high expression levels, as is possible 
for chips (Futcher et al, 1999). Conversely, SAGE values 
are less reliable for lowly expressed genes since there 
is a chance that one might not sequence a SAGE tag 
conesponding to such a genie altogether. Therefore, if 
after the last iteration, ihe average Gene Chip expression 
level Vi was both above a certain threshold ^ and below 
the SAGE expression level 5/ for the same gene, it was re- 
placed with the SAGE value; otherwise the average Gene 
Chip value was kept. This gave us our final expression 
set WmRNA- Our treatment of the SAGE data is modeled 
after thai in Fulcher et al (1999), and like them, we used 
^-16- 

This incorporation of the SAGE data into the reference 
data set ensures that the highly expressed ouihers are as 
accurate as possible. 

Raihei ihan plain arithmetic averaging, this overall scal- 
ing procedure with the a cutoff avoids 'artificial averages' 
thai combine very different values for a particular gene. 
Some expression values might be statistical outliers. In 
addition, ii may be possible that the expression levels of 
a variety of genes can only be within mutually exclusive 
ranges or modes, such as when two alternative pathways 
are switched on or off. Simply averaging these would give 
values thai are less representative of the particular mode 
values. This situoiion is analogous to that in averaging 
together an ensemble of protein structures {i.e from NMR 
sirucrure deieiminaiion). Each structure could be stereo- 
chcmically conect, with all side-chain atoms in predefined 
rotamer configuintions. However, an average of all struc- 
tures could yield one that is stereocheniically incorreci if 
this involved averaging over paiticular side- chains in dif- 
ferent roiameric states. 

With reg:ud to oiu regression analysis, we have investi- 
gated both non- linear and linear fits but found a non- linear 
procedure to be more advantageous. The non- linear rela- 
tionship between (htleient expression data sets perhaps 
reflects sat ma lion in one or more of the Gene Chips — not 
rm iinconinion phenomenon. This non-linearity \s. ijnme- 
(hatily evicleni on seauer plots of tv.o data sets again;;! 
one anuihcf (see website). Accordingly the non- linear 
fit piodncc;; a smaller residual than the linear fit: 98 2'.'7 
(non- lineal) versus 122 182 (linear) for the scaling of the 
Chinch data set and 59 838 (non-linear) versus 67 '162 
(linenr) for the Samson data set. 



A reference set for protein abundance. We followed a 
similar procedure to calculate a reference protein abur*- 
dance set from the two gel electrophoresis data sets. We 
first scaled the two data sets against the n^RNA expres- 
. sion reference data set. getting regression parameters Cj 
and Df 

I 

where the subscript j indicates the data set 2~DE #1 or 
2-DE #2 respectively; Fi j is the protein abundance value 
in data set J, and WmRNAj' the corresponding reference 
expression value, and Cj and Dj are the parameters of 
the non-linear regression. 

Using these parameters, we transformed the values of set 
2-DE #2 onto 2-DE.#j. Then we combined both sets into 
the reference protein set wp^oi hy averaging I hem, if both 
values existed. Otherwise, by using the existing value, vir 

wpro../ = {Pi.\ + i2/.2)/2 if both Z'/;] and Q, 2 exist. 
Else if only j exists, u;p,ot.; = Pi,\ 
Else if Qi 2 exists, w^j^.i ~ Qi,i- 

Enrichment of features 

Formalism. In the next pari of our analysis, we want 
to group a number of proteins together into various 
categories ba.$ed on common features and characterize 
those features that are enriched in one population relative 
to another, i.e. the translatome population of proteins 
as measured by 2D gels relative to the iranscriptome 
population of transcripts or the genome population of 
genes. To this end, we set up a formalism that could 
be applied universally to all the at tributes that we were 
interested in. Due to the limitations of the cxperimcms, 
the translatome, transcriptome, and genome populations 
:ue defined on different sets of genes, and sometimes we 
want to remove this 'selection bias* by forcing them to be 
compared on exactly the same set of genes. This is a key 
aspect of our formalism as presented in Figure I. 

We call an entity like |w, G] a 'popiilaiion/ where G 
is a set describing a particular selection of genes from the 
genome and w is vector of weights associated with each 
element of this population. In particular, we focus on three 
main populations here: 

(') I J. Godil die population ul genes in ihe penome, 
nil 6280 genes weighted once (w — 1): 

(ii) h*M.RN,%: G,nR^^^) »s the observcif population of the 
transcripts in the transcriptome, i.e. the 62-11> gcf>es 
in the refcrerKc expression set weiglticil bv theij 
ieference expression value: 
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(iii) [vffrot. Op(ot] is the observed cellular population of 
the proteins in the translatome, i.e. the ! 81. genes 
in the reference abundance set weighted by their 
reference abundance value. 

(The set of genes in the genome Gocn is approximately 
equaJ to the genes in set G^rna* such that we can use 
both symboJs interchangeably.) We can also use this nota- . 
. tion to describe specific experiments — e.g. fwia^.^, (jiaczJ 
describes the gene set and weights relating to the transpo- 
son abundance set. 

Furthermore, we define Fj as the value of a feature F 
in ORF j. For example, F could be the composition 
of leucine (a real number) or a binary value (0 or j) 
indicating whether an ORF contains a trans- membrane 
segment. Given these definitions, the weighted average of 
feature F in population [w, GJ is: 



The weighted averages of two populations |w, G] and 
[v, S] can be compared by simply looking at their relative 
difference A: 



niF.by^G]) 

where v and w are weights for the sets of ORFs S and G 
respectively. We call A the 'enfichinerii' of feature F 
because it indicates whether F is enriched (if A is 
positive) or depleted (if A is negative) in population [v, S] 
relative to (w, G]. 

Usually, the gene set G is defined by the particular 
experiment, for which the weight w was measured. 
. However, it is olso possible to combine the gene, set 
associated wiih one experiment with expression levels 
from another set. One may want lo do this to compute 
the enrichment only on ihe genes comnion to both 
populations, for which there are defined values for both w 
and V, viz: A{F, {v, S 0 G],\w, S H Gj). In practice, 
this is most relevant for compaiing G[>,o, and GmRNA- 
Since Gp,^ is completely a snbsci of CmRNA, we need 
not explicitly deal wirh inierscctions il we calculate all 
stntislics directly over Gp,o,. 

One can adjust the weight vectors lo take into account 
different types of averaging. For in.^unce, when com- 
puling (he amino acid composition (/' on) Uom the 
amino acid composiiions of imiividuni ORFs F; = aaj 
(V; G G). we weight by ORF knph. }n the c.ise of . 
cxpicssion weighi.s, we h;ivc: 



V; e G 



On the other hand, wheri computing the average molec- 
ular weight per amino acid, we need to normalize by the 
number of amino acids per ORF, which is equivalent to 
choosing the following weights: 



vy 6 G. 



where Nj is a measuie of the length of OKI- / (such as ihe 
number of amino acids). 



. Application of methodology to quantitative 
abundance sets 

Having defined our formalisrn, we apphed it to a diverse 
set of protein features in yeasl. 

Amino acid enrichment. As shown in Figure 2a. we used 
our methodology to measure the enrichment of individual, 
amino acids in both the translatome arid Ihe Uranscriptome 
relative to the genome. We found thai three amino acids — • 
vahne, glycine and alanine — were consistently enriched in 
both transcript ome and translatome populations. 

In Figure 2a we compare different gene sets. In Fig- 
ure 2b we focus mainly on the variation in enrichments 
when all the comparisons are restricted to the set of 18J 
genes (Gp^ot O G^rna = Gp,oi) conrunon to all data sets. 
Thus, the differences between the populations now only 
reflect the effects of differential transcription of certain 
genes and differential translation of certain transcripts. 
We find here an enrichment specifically of cysteine in the 
translatome in relation to the transcript ome. 

To measure the statistical significance of the results on 
amino acid enrichment, we have performed a control anal- 
ysis on a randomized data set (Figure 2d). We randomly 
permuiated the expression values of the ORFs 1000 times 
and then recomputed the enrichments. This allowed us lo 
compute distributions for the amino acid enrichments and, 
from integrating these, one-sided p-valnes indicating the 
■ significance of ihe obsei-ved eruichmeots. 

Amino qcid enrichmeni in Transposon data ser. We 
also tried to extend our methodology, ineffectively, to 
cope with the semi-quantitative Transposon set. We used 
only those 450 ORFs that consi.^enlly yielded either no 
expression or high expression, as binary data, on or off. We 
show the enrichments of amino acids computed from this 
filtered Transposon abuntlance set in Figure 2a. Overall, 
ihe enrichments from this set seemed to be aitenoaied in 
comparison to oihei data. 

Sionmss enrichment. A corollary to amino acid em ich- 
jnenis is (he do rer mi nation of ihe avera;:e biomass b/ (he 
rranscripiome and irnnslritome populaiif,>F)S (shown in Pig- 
ure 2c). We found rhai ihe rtveinpe inoleculiu weight of 
a protein in both populniiorr.s w;is. on average, lowci than 
in the genome population. These picliminaiy ubseivaiions 
suggest a cell piefeiencc to use less energetically expen- 
sive proteins for those that air highly tran.^cribed or uruts- 



D.Greenbavm et dL 



(a) 




o 



O A{aa. [Vt^^ Q,w»mI. n. QnHhwD 



oo 



OA(aa, Iw„Fff,j,. It, 

* /ijaa^ [w^^. 0^), |w^;t. O^D 



O 0 

, to tGD 

O G 



Fig. 2. Amino acid and biomass cnrichmcni. (a) Shows i be amino acid enrichments between diffcjcnl popuJations as indicaled by ibe legend 
to the right of ihc pJot (the legend is ordered in the same way as ihc schematic illustration in Figure t). The bars indicate ihc enrichment of the 
iranscripiome relative to ihc genome, whereas the circles indicate the enrichment of the translaloroe relative to the genome. In addition, we 
also show the enrichment for protein abundance from the Transposon abundance set, represented by the circles with the line through them, 
(b) Shows a different view of amino acid enrichment from that contained in (a), now focusing on changes, and thus restricting the comparison 
to the genes common to all the data sets. The graph is ordered according to the enrichment horn transcriptome to Uanslaiome (black squares). 
Wc focus here only on the changes for the abundance gene set (Gp^oi) to exclude the effects that arise from looking at different subsets. In this 
. view the enrichments from genome to transcriptome (white squares) and from genome to transialome (white diamonds) look rnoic simil;ir 
than do the analogous sets in (a). To make comparison with (a) easier we again show the enrichment from genome to the transcriptome foi 
the complete gene set (Cccn. shown in bars), (c) Shows biomass enrichment. The left panel depicts the average molecular weight per ORF 
(in units of kOa) and the right p:mcl, the average molecular weight per amino acid (in units of Dallons) in each of the three stages of gene 
expression. The numbers inside the circles indicate the average molecular weights. The values next to the arrows indicate (he emichmenis 
in biomass between different populations. Both the ciicle diameters and the anow widths are functions of the corresponding values (the 
hollow arrow indicates a positive value). It is very clear that the average molecular weight per OR F is much lower in the translatome (by 20 
or 1 5%) and transcriptome (by 29%) than in the genome. This relative depletion of biomass mainly lakes place as a result of transcription; the 
effect of iianslation is less clear, depending on (he populations compared. On the other hand, the depletion in the average molecular weight 
per amino acid (-3.3% from gcnonw to translatome) is an oider of magnitude smaller than in the average weight per ORF. TTiis shows 
that the yeast cell favois the e.xpiession of shorter ORFs over longer ones, and agiccs with our earlier observation that there is a negative 
• correlation between maximum ORF length and mRNA expression (Jansen and Gcrsiein, 20(X)); it seems that this effect mainly takes place 
during transcription i.iihcr ilian tionslation, (d)Tbis plot shows that the amino acid enrichments arc statistically significant. Wc have assessed 
signiBcancf by i3ndon>ly pcimuiing the cxpicjsion levels among ibc genes and then iccomputing the amino acid enrichments. This proccilnic 
can be lepcsied and used to generate distributions of random enrichments (hat cnn then be compared against the observed enrichmer)ts. )n 
the plot the ^'lay bius represent the observed enrichments already shown in Figuic 3a. On top of the g/ay bars wc show standard boxptois 
of enrichmeni distributions based on IO(X) random permutations. (The middle line represents the distribution median. The upper and lower 
sides of the box coincide with the upper and lower quartilcs. Ouilieis arc shown as dots and defined as data points that arc outside the langc 
of Ihc whiskcis. the icnglh ol which is 1.5 the interquartile distance.) Based on the random iljsiribulions, wc can cornpiiie one- sided //-values 
for ihe observed rniif brncnis. Amino aciils lor which ihc values arc Ics.s than }{)'' utc .shown in bold loni. 



lilted. However, wc :\lso foiini) that the overage tnolccu- 
1.1 r weiiihl per nmino odd difleicd much less between the 
itnt)<.cripionie nnd the unn.slntome on the one hniiJ, ;inii the 



jjenome on iht: other hand (tboti^b ii w^as si ill slightly less). 
Thi.s finding indie ales thai lt>wcr nrtolecular weights in (he 
translatome and ftansctiptorne tela live to the lieiiome aie 
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p»edon)in:mlly due to greater expression of shorter pro- 
teins rather than the incorporation of smaller amino acids. 

Secondary, structure composition. We also used oor 
methodology to study the enrichment of secondary- 
sl)"uctural features. Secondary structural annotation was 
derived from structure prediclion applied unifoimly to all 
!he ORFs in ihe yeast genome as described in Table J. 
As shown. in Figure 3a, all three populnlions — genome, 
iranscripiome, and iranslaiome — had a fairly similar 
. composition of secondary structures — sheets, helices, and 
coils. The differences between populations were marginal 
and based only on the small subset of genes. 

We also found thai Transmembrane (TM) proteins 
were significanlly depleted in the transcriptome {see 
website and caption). TTiese results are consistent wjib 
our previous analyses (Jansen and Gersieiii, 2000). The 
protein abundance data {loes not have any membrane 
proteins. 

SithceHtitar hfcaliimion. Figuie 3c shows the einich- 
meni of pjoieins a.ssociaied with ihe vanou.s sn bcclhi la r 
con)p;uimenis. Tor clarity, we divided thtr ceil into hvc 
distinct subcellulai compartments, (;:ce Table I). We 
loimd thai, in compajison to ihe genome, both the nan- 
scnptome and tjanslatome nie enriched in cytoplasmic 
pjotcin.s. This is inie whether wc make our compni i.sons in 



relation to the relatively large reference mRNA expression 
set or the smaller reference protein abundance set. As 
Figure 3c shows, the 2D gel experiments are clearly 
biased towards proteins from the cytoplasm. However, in 
ihe biased subset Gp,ot transcription and translation lead 
to an even higher fraction of cytoplasmic proteins in the 
translaiome. 

Functional categories. Finally, we compared the enrich- 
ment of various functional categories in both the trans- 
latome and the transcriptome (see Figure 3bX This gives 
us a broad yet informative view/ of the eel) as a whole. As 
described in Table I, we used the top-level of the MIPS 
scheme for the functional category definitions. Wc found 
broad differences between the various populations, with 
some of the functional categories showing strikingly high 
enrichments. 

DISCUSSION AND CONCLUSION 

We developed: (i) a methodology for iuiegraiing many tlif- 
fcreni types of gene expre.'ision and p;otcin abundance into 
a cormnon framework and applied (his to a preliminary 
analysis; (ii) a procedure for scaling :md iner^?ing different 
mRNA and protein sets together; and (tii) an approach for 
compuiirrg the enrichment of vnrious proieoinic feaiures in 
the population of transcripts and proteins. Wc .showed that 
by analyzing broad caieg(>ries instead of individual noisy 
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Secondary srruclure 




LocaKzation 




Function 



QMelaboHsmll) 
BEneigy (2) 

p.CeH g»owth, cell division 
and DHA synrhesis (3). 
□Tfanscripfion (4) 
B Prorein synthesis (5) 
QCellutar oiganizstion {30) 
9 Unclassified (98. 99) 
DOthei 



Fig- 3. Biealcdown of the iranscripiome nnd translalome in lemis of broad categories relating to structure, Jocalizalion, and function. Air 
of the subfiguies are analogous to the schematic ilJusUation in Figuic \. (a) Repicscnts the composition of secondary structuic in the 
differcni populations, (b) Represents the distribution of subcelJulaj localizations associated with proteins in the various populations. Wc used 
standardized localizations developed earlier (Diawid aind Gerstein. 2000), which, in turn, were derived from the MIPS. YPD, and SwissProl 
databases (Bairoch and Apwcilci, 2000; Costanzo ef al. 2000; Mewes et ai, 2000). The subcellular localization has been experimentally 
determined foi less than half of the yeast proteins, so our analysis applies only to this subset, (c) Shows the division of ORFs into diffcieni 
f»nciion:d critegories (accoiding to the MIPS classification) in the various populations. Only the largest functional categories of the top level 
of the MIPS classification are shown. The group 'other' contains the smaJlei top-level caicgoiies lumped together. Tfiis 'othci' gioitp is 
different fioni ihc group 'unclassified.* which contains genes without any functional description. 



data points, we could hnd logical trends in the nndei lying 
data. For example, individual irnnscription faciois might 
have Iiighet oj lower pioiein nbiindunce ilun one expects 
IfOm their mKN.A expression, bui ihc eategoiy transcrip- 
tion factors " a.s a whole has a .'similar rcpre.se mat ion in the 
iran.scriptoHie anti transIaiome. 

We foiuid, as pievioiisly ilescinbed (Fuicher ef al., 1999; 
Gygi et ni, I999h; Gjeenbanm ef al., 2001), a weuk 
corf elation between individnni mcasiuenients of niRNA 
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and protein abundance. The oniliers of this correlation 
(end 10 be as.sotinied wiih celhiJar organization. One 
might conceive of u^ing these outliers (i.e. those with 
signtfic.'tndv diffeiern [lanscripiionnl and iranslaiional 
behavior) to rind conscrtsu.s legulaiorj' serjiienccs. One 
possible jnellKXI wonld involve using predicted n)RNA 
sinictines (.laegei et ai, 1990; Ztiker, 2000) to hnd and 
investigate consensus siruciuraf elements in these outliers 
to which the yeast translaiional machinery is known to be 
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Tablt 1. D3U scis 



Dcscripiton 



Size iORFs) 



RcfacDce 



mRNA expression 
Young 

Church 

Samson 

SAGE 

Reference ejtpiession 

Protein abundance 
2-DE#l 

2-DEW2 
Tiansposon ■ 

Refeicncc abunJanrc 

Annotation 

Annotated loca)t2aiibn 

TM segments- 

MIPS (unctions 

COR secondaiy stmcmie 



Gene chip piofiks yeast ceJJs with 
mutations thai affect transcription 

, Gene chip profiles of yeast cells 
under four tliffcrcnl condiiiorrs 
Comparing gene chip profiJes for 
yeast cells subjected to alkylating agent 
Yeast cells during vegetative growth 

Scaling and integrating ibe diRNA 
expression set into one data source 



Mcasujcrricm yeast protein 
abundance by 70 gel 
electrophoresis and mass spectrometry 
Similar i6 2-DEset#I 

Large-scale fusions of yeast genes 
with locZ by transposon insertion 
Scaling and integrating the 2- DE 
data sets into one data source 



Subcellular locaJiiations ofyeasi 
proteins 

Predicted TM and 
soluble jwoleins in ycasi 
FunclicMial categories for yeast 
ORFs 

Predicted secondary struciujc 
yeasi ORFs 



5455 

6263 

6090 

3778 
6249 

156 

71 
1410 



2133 
(6280) 

2710 
(6280) 

3519 
(6194) 

6280 



>lolstcgcrto;.(l998) 
Roth eld {199%) 
Jclinslcy and Sanwon (1999) 
Vclcul«curtfl/.(I997) 

Gygi ?rat(I999a.b) 

Fuicber ^/ a/. (1 999) 
Ross-Macdonald f r o/. (mS) 



Drawid and Gerslcin (2000) 
Gcislcjn(1998a.b,c) 
Mcwescro/. (2000) 
Cetsiein(l998a.b.c) 



This ti^blc provides an overview of the dala sets used in our analysis. The table is divided into throe sections. Ibe lop section lists di/fctcnt mRNA expression 
icts. The middle section shows the protein abundance data sets used. Tbc bottom scchon contains different annoniions of protein feaiuics. The column "Daia 
set' (iits a sbonhand icfcience lo each da.a set used ihroughotit this paper. The ncAt columns contain a brief description of the data sets, the number of ORFs 
contained in each of ihcm. and the litciaiurc reference. In contrast lo the other data we investigated, dre reference e.^ipression and abundance data sets have 
been calculated for ihe purpose of our analysis (sec text). An expanded version of the table is available on our web site. 
Soinc funbci informal ion on ibe genome aiwotaiioits; 

Locnlizarion. Proieln localization informal ior. from YPD. MIPS and SwissPiot were merged, filtered and standardised (Bairoch and Apweiler. ?000; 
CoMsnioff al.. ?000; Mewcs et ai, 2000) imb five simplified compan me ms— cytoplasm, nucleus, rnembianc, eAiiacellular (mctudmg proteins m ER arid 
polgi), and milOchondrial-DCCO.ding to the protocol in Drawid , t al (2000). TtuS yielded a standardised annotation of protein subcellular locallt^iion for 
21 33 cut of 6280 ORFs.' 

TM ifsmrnrs. In 27 10 out of 6280 vcaM ORFs TM segmcnlS arc predicted to occur, langing from low to high confidence (732 OHFs). The I M prediction was 
pcf ormrd as f(»IIow>: ibc values fiotn the scale fo. amino aciils in a window of size 20 (the lypic;il siic of a I M helix) we.c averaged and dicn compared 
agaimi a cutoff of - I Kcal mol" A value under this cutoff «'as taken to indicate the e.^istencc of a TM bellx. Initial hydropliobic str etches conesponJ.ng to 
Signal sequences for membrane insertion were excluded. (Tbcje have .be pattern of a charged residue wiihin the first seven, followed by a SDetch of 14 w.th 
an average bydrophobicity under ibc cutoff.) These parameters have been used. tcMed. and icfincd on sunxys of membrane piotcin m genomes. 'Sine' 
mrmb.anc pio.rins had al Irasi rxs 0 TM-s.pncrHS wiih anavcage hydiopb..^biriry le.^s than - 2 kcal moP '.(Host n/.. 1995; Ccrstein 20t>0. Snnioni 

fj n/.. 2(XX>, Sfnfi (I <iL 2000). 

ruri,k,ni. MIPS h.rK.ion.tcu.epo.ie.^ luvt been assigned 10 ?M 9 oui of 6191 OKFs (l^e umainde, are .xssigmd to category 'nS' oi 99: which 
cotic^pc-nds lo unclassified lundiou.) 



serisiiive. (McCniihy, 1998). 

]n leKnioi) lo funciional ccite/iories. wc foimJ three 
(re-Dits thai wcic poitinibtly noinble: (i) the 'ceilnJ-'ir 



organiz^tiion,' 'proteiit synihesi^/ and enetgy piO()iK;iion' 
CJtegoiies were inciensingly ent iched 3.s wc moved Irotn 
genome to ii an.se » if )ioir)e lo it :i»;>l:noinc. Jii tite iinnsciip- 
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tome and translarome population relative to the genome; 

(ii) proteijfts with 'iincJassified function' are significantly 
depleted, perhaps reflecting a bias against studyirig them; 

(iii) proteins in the 'transcription' and 'cell growth, cell 
division^ and DNA synthesis' categories were consistently 
depleted. This reflects the fact thai many of these proteins, 
such as transcription factors, act as 'switches' such that 
only small quantities of the protein are necessary to 

■ activate or deactivate a process. These resuJts concur with 
previous calcufations (Jansen and Gersiein, 2000) wherein 
we found the transcriptome is enriched specifically with 
proteins involved in protein synthesis and energy. 

Limitations given the smal) size of the protein 
abundance data 

Even with the extended coverage made possible by 
merging many data setis together into reference sets, the 
analysis is still limited by the minimal data. This was 
most applicable to the protein abundance measurements, 
potentially biasing our statistical results towards certain 
protein famihes. Moreover, the 18J proteins in Gp,oi do 
not represent a random sample. They arc skewed towards 
highly expressed, well-studied proteins. Our methodology 
attempts to control for (his gene-selection bias through 
our enrichment formalism, which allows one to rather 
precisely gauge various aspects of the bias. Conversely, 
many protein features in both the translatome and the 
transcriptome are dominated by highly expressed proteins. 
Under these circumstances, it is often sufficient to look at 
this smaller number of dominating proteins lo choracterize 
ihe whole population. This is similar to the. development of 
the codon adaptation index for yeast (Sharp and Li, 1987). 
While based on only 24 highly expressed proteins, il has 
proven lo be robust in predicting expression levels for the 
entire genome. 

We believe thai the essential formalism and approach 
that we develop will remain quite relevant for future data 
sets (Smith, 2000). 
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Galanin in pituitary adenouins. 

glMh3£!cj|^Me^ WallmnanE, Lundblad L . AnggnrdA . Ericson K . Aman 
K, LaudryM. Schmidt WK , HoltfeltT. HulHng AL . 

Depaxt^ent of Molecular Medicine, Endocrine and Diabetes Umt. Karolinska Hospital 
/I /Obfockliolm, Sweden. Eva.Grenbaek@ks.se 

Tumor galanin content was measured in extracts from human pituitary adenomas using a 
specihc RIA method for monitoring human galanin. Twenty-two out of twenty-four 
tumors contamed galanin with notably high levels in corticotroph adenomas varying 
levels m clinically inactive tumors, and low levels in GH secreting adenomaL Tumor 
ga amn and ACTH contents were closely coirelated in all tumors. In four young patients 
wiUi microadenomas and highly active Mb Gushing tumor galanin was inversely related 
^ tumor volume. The molecular fonn of tumor galanin. studied with reverse-phase 
HPLC, was homogeneous with the majority of Inmor galanin coeluting with standard 
human gaJanin. In the tumors analysed with in situ hybridization there was a good 
coiTelat.on between galanin peptide levels and galanin mRNA expression In some 
himors galanin mRNA and POMC levels coexisted, in others they were essentially in 
different cell populations. Levels of plasma galanin-LI were not related to Uimor galanin 
concentration, aj.d galanin levels were in the same range in sinus pelrosus close to the 
pituitar/ venous drainage as in peripheral blood. Corticotrophin releasing hormone 
nijections ,n two patients caused ACTH, but no detectable galanin release into sinus 
petrosus^ Our results demonstrate that corticotroph. but not GH adenomas, express high 
levels of galamn, in addition to ACTH, and thai in some tumors both polypeptides are 
sjoithes.sed in the same cell population. However, galanin levels in plasma were not 
intluenced by the tumor galanin content. 
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Protein abundancy and mlW A levels of the adipocytc-type fa^ 

biiidtng protein correlate in non-invasive and invasive bladder transitional 

cell carcinomas. 

Gromova ! . Gromov P . Wolf H . Cetis JE . 

Department of Medical Biochemistry and Danish Centre for Human Genome Research 
The University of Aarhus, Aarhus C, Denmark. 

The adipocyte type fatty acid-binding protein (A-FABP) is a small molecular weight fatty 
acid-bmdmg protein whose expression correlates both with the grade of atypia and the 
stage of bladder transitional cell carcinomas (TCCs), To determine if the protein 
abundancy correlates with the mRNA levels in non-invasive arid invasive lesions we 
have analysed fresh TCCs (grade 11, Ta; grade HI, T2-4) by two-dimensional 
polyacrylamide gel electrophoresis (2D-PAGE) and measured the mRNA levels using the 
reverse transcription linked polymerase chain reaction (RT-PCR). Overall, the results 
showed a good correlation between protein abundancy and mRNA levels, indicating that . 
the lack of expression of the protein observed in some lesions reflects low levels of 
transcription of the A-FABP gene rather than translationaj regularion. hi addition our 
studies showed that the loss of A-FABP protein observed in some tumors is not ' 
compensated by an increase in the skin fatty acid -binding -protein PA-FABP, as is the 
case in the A-FABP knockout mice, 
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Abstract The adipocyte type fatty acid-binding protein (A- 
FABP) is a small molecular weight fatly acid-binding protein 
whose expression coirelates both with the grade of alypia and 
the stage of bladder transitional cell carcinomas (TCCs). To 
determine if the protein abundancy correlates with the 
mRNA levels in non-invasive and invasive lesions, we have 
analysed fresh TCCs (grade Ta; grade HL T^ J by two- 
dimensional polyacrylamide gel electrophoresis (2D-PAGE) 
and measured the mRNA levels using the reverse transcription 
linked polymerase chain reaction (RT-PCR). Overall, the 
results showed a good correlation between protein abundancy 
. and mRNA levels, indicating that the lack of expression of 
the protein observed in some, lesions reOects low levels of 
transcription of the A-FABP gene rather than iranslaiional 
regulation. In □ddiiton, our studies showed that the loss of A- 
FABP protein observed in some tumors is not compensated 
by an increase in the skin fatly acid-binding protein PA- 
FABP. as is the case in the A-FABP knockout mice. 

Introduction 

Bladder cancer accounts for 4.7% of all human cancers 
diagnosed- The spectrum of bladder tumors is broad with 
vnrTous histological types that include transitional cell 
carcinomas (TCCs). squamous cell carcinomas (SCCs), and 
adenocarcinomas (1-3). TCCs are by far the most prevalent 
tumors as they represent nearly 95% of all bladder cancers in 
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ibe Western Hemisphere. At first presentation, about 70% of 
the urinary bladder TCCs arc diagnosed as differentiated 
superficial lesions that are confined either to the mucosa 
(Ta), or to the underlying connective tissue (T,). The rest 
correspond to highly invasive, poorly differentiated imnors- 

Non-invasive TCCs occur as two distinct growth patterns, 
papillary and non-papillaryr (fial) lesions (1,2); that display 
significant differences in their malignant- potential and that 
art believed to originate from different genetic alterations 
(4-6). Papillary carcinomas usually correspond to low-grade 
lesions which frequently recur multiple limes. These tumors 
begin as areas of hyperplasia thai later undergo a process of 
dedifferentiation (grades MV). Invasive tumors may arise 
from these lesions, but often are derived from non-papiUary 
carcinoma in situ that usually is of high grade at presentaoon 
and lend to invade and progress to muscle invasion and 
noetastalic disease. ' . 

To date, many attempts have been made to pinpomt genetic 
changes ihat underly progression of bladder cancer as well as 
to identify molecular markers that correlate with tumor 
progression. Cytogenetic studies and molecular geneuc data 
have shown thai chromosomes 3p, 4p, 4q. 5q, 8p, 9p. 9q. 
lip 13q I4q, 17p and 18q are frequently altered m bladder 
urothelial tumors (4.5 and refs. therein), and as a whole i hey 
have supported the notion that bladder cancer is a mulustcp 
process. Recently, Spruck et al (6) showed that chromosome 
9 alterations occur early during development, while pD3 
mutations appear bier in the process and confer mvasive 
properties- The siiuaiion however is reverse m ihe case ol 
Cis. as a large fraction of these lesions contain p53 mutations 
(5 6 8,9). Besides pointing towards two divergent pathways oJ 
blidder tumor progression, these studies implied that the order 
in which the genetic changes occur is important m determining 
ihe outcome of the lesion. r, k 

Assessment of bladder cancer is based on a ^h^J^"-" 
pathological e;iaminaiion of biopsy material which establishes 
the bisiolooical lype of the tumor, its degree of differenuauon 
(.rade), and dep.h of invasion of the bladder wall (stagmg 
(10-12) In spite of suici criteria for ihe pathological assessmen 
of these lesions, there exist a s.gn.r.cnnl inler-patholog.st 
variation, a fact that emphasises the need for objective 
markers that may aid tfiei. ciass.ncalion. With this .n mind 
^ve are explOMng \hc posMbHiiy of as.ng proteome (13) 
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expression profiles of these lesions as fingerprints to define, 
their grade of atypia anti evenlually their stage (3J4). So far. 
more than 400 tunnors of various grades and stages have been 
, analysed by two-dimensional polyacrylamidc gel 
electrophoresis (2D PAGE)^ and preliminary experiments 
have shown that even though the overall protein expression 
profiles of tumors of the same grade and stage are very similar, 
there are important differences suggesting that niorpho- 
logically 'identicar TCCs may be further subdivided (1). Of 
the biomarkers of TCC progression identified so far, the 
adipocyte-type fatty acid binding protein (A-FABP) is 
perhaps one of the most interesting as the levels of this 
polypeptide have been shown to correlate both with the grade 
of atypia as well as with the stage of the 6ise:tsc (3). Given 
the putative importance of A-FABP as a progression marker, 
and sinct Anderson and Seilhcimer (15) recently showed that 
post-transcriptional regulation of gene expression is a frequent 
phenomena in higher organisms, we have compared the levels 
of A-FABP mRNA and protein in non-tnvasive and invasive 
bladder TCCs expressing and lacking this protein. 

Materials and methods 

Tumors. Fresh bladder tumors were obtained immediately 
after transurethral resection.. The grade and clinical stage of 
. the tumors were determined by the pathologist at the Aaihus 
Municipal hospital. Clean tumors devoid of blood clots were 
divided into small pieces for 2D PAGE and DNA, and RNA 
prcpiaration. The latter were immediately frozen in liquid 
nitrogen and store at -80'C until use. 

l^^S]' methionine labeling and ID-PAGE. \u a lew cases, 
small tumor pieces were labeled with ["S]-melhionine as 
previously described (3). 2D-PAGE was performed 
according to published procedures (16; see also hiip: 
//biobase.dk/cgi-bin/celis). 

HT-FCR, Frozen tumor samples were ground lo powder in 
liquid nitrogen and total RNA was isolated using the acid 
guanidium isoibiocyanaie/phenol chloroform extraction 
procedure (17). The samples were treated with RNase-free 
DNases i (Pharmacia) to eliminate contaminating genomic 
DNA using the protocols recommended by the supplier. 
Poly(A)* RNA was prepared using Poly (A) Quick columns 
according to the manufacturer's instructions (Siraiagene). The 
synthesis of cDNA for RT-PCR reactions were carried oul 
using (he Gibco BRL Superscript Kit. Twopg of total RNAs 
was mixed w»ih oligo -dTlI primer. PCR buffer. MgCl, 
(25 mM). O.I M DDT and 10 mM dNTP. Tlie mixture was 
incubated at 42'C for 5 min followed by the addition of 
Superscript 11 reverse transcriptase and fuiihcr incubation at 
42'C for 50 min. The reaction was terminated by raising the 
temperature to 70'C for 15 min. followed by additional 
incubation at 37'C for 20 min in the presence of RNase H to 
deplete the RNA. Primers for known and cloned genes were 
purchase frotn Pharmacia as follows: A FABP, (from 
186-208 bp) 5 -GATCATCAGTGTGAATGGGGAT 37 
lower (/rorn 374-39-7 bp) 5' CATCCTCTCG rnTCrCTIT 
ATG-3 : B-aciin upper 5*-GAGG'1TGGCTCTGACTGTaCC 
AC-3'/lower 5-CTCArrCAGCTCTCGGA ACATCTCG-3* 



Table I. Expression of A-FABP in non-iiivasive and invasive 
bladder TCCs; 
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■The levels of a A-FABP protein were deiermmed based on ihc 
visual analysis of Coomassic Brilliant Blue stained gels and 
represent the average esiimatc of Dt least iwo diffcrcnl runs. Tumors 
scored as positive differed significantly w\ih respect lo the levels of 
the protein, and therefore are indicated with either four (very high), 
three (liigh). two (medium) and one (low) cross (see also Fig. I); 
The mRNA levels were determined based on the intensity of 
Eihidium Bromide stained cDNA bands separated on agarose gel 
using the Bio-Rad Gel Doc 1000 iystcm and represent the average 
estimate of al least ihrec indepcndcni experimcnis. Corresponding 
mRNA levels are represented by crosses as described atK)vc. 



PCR reactions were performed in a Progene thermal cycler 
using the Advantage Klen Tag Polimerase (Clontcch). The 
cycling parameters consisted of 30 sec of denaiuration al 
94'C, with annealing of 30 sec al 60*C for B-actin or at 
64'C for A-FABP. The extension lime was for 2 min al 68"C 
for 29-40 cycles with the final extension of 7 niin at 68'C. The 
PCR products were separated on K5% agarose gel 
electrophoresis followed by eihidium bromide staining and 
photography under UV light. 

Results 

A-FABP protein levels in non-invasive ami invasive TCCs. 
One hundred suspected TCCs removed ai the Department of 
Urology. Skejby Hospital, were analysed by high resolutiori 
2D PACE and Coomnssie Biilliani Blue staining. Of these. 
10 grade Jl. Ta TCCs (Table !) were chosen lo coiTelate A- 
PABP piotein and inKNA levels as these lesions yielded 
acceptable protein profiles both in lerins of iheii purity as 
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assessed by monitoring for ihe absence of vimenOn 
(coniaminalion with connective tissue) and desmin 
(contaminalion with smooth muscle cells), as well as 
polypeptide resolution. In addition, reasonable amounts of 
these tumors were available for mRNA preparation. 

Table 1 shows the levels of A-FABP protein expression m 
the 10 tumors analysed by 2D PAGE. The data were scored 
entirely based on the visual analysis of Coomassje Bnlhant 
Blue stained gels and represent an average estimate of at 
least two different runs. Tumors scored as positive differed 
significanlly with respect to the levels of this protein, and 
therefore are indicated with either four (very high), three 
(hioh) two (medium) and one cross (low). Representative 
examples of Coomassie stained 2D gels of tumors exhibiting 
very high (TCC 532-1, Fig. lA). high (TCC 692-1; Fig. IB), 
medium (TCC 763-1, Fig. IC) and undetectable levels (TCC 
709-1 and TCC 71 1-1 Fig. ID E) of A-FABP are shown m 
Fig. 1 (only the Relevant area of the gels are shown). 

A-FABP mRNA levefs in non invasive grade //, Ta TCCs. 
Since in many instances only a limited amount of fresh tumor 
was available, we used RT-PCR to determine ihe levels of A- 
FABP mRNA in ihe ten TCCs analysed by 2D PACE (F.g. I). 
Following amplincaiion, the PCR products were analysed by 
conventional 1.5% aga.ose gel electrophoresis and visualised 
by eihid.um bronude staining as shown m Fig. 2. The amount 



FiEurc 2. RT-PCR analysis of A-FABP mRNA expression ,n noo-mvasive 
Ta) and invasive TCCs (Gr lit T,-TJ. For RT-PCR analysis, the ss c- 
DNA was syntbcsiicd by Rcvtne Tnmscnplasc using lolal RNA^ and^usrf 
for RT-PCR ami>r»ncalion.Thc PCR prodocis were resolved on 1:5% 
agaiose gels and visualised under UV light follDwine eih,dium brom.dc 
staining. The A-FABP panels show the results of =^P»»^»"»»^" 
pair of gene specific primes was used ,o generate the 22<> bP DKA 
Lgmcnt. Amplification of, A-FABP was obtained after 30 cycles of POL 
The B-aclin panels represent the amplification of ibe B-actin gene which 
was used as an inlemal conuol lo confirm thai equal anioonU of c-DNA were 
used in each reaction. 



of cDNA in each lane was normalised using several house- 
keeping genes so as lo achieve a more accurate assessment ot 
,he expression of Ihe A-FABP mRNA. As shown m F.g^2. 
TCC 532- 1 exhibited the highest amount of A-FABP mlW A. 
followed by TCCs 692-1, 763-1. 6I6-I. 58I-I. 154-1 166-5 
and 533-1. Undetectable levels of A-FABP mRNA were 
observed in the case of TCCs 607-1 and 709-1 (F.g. 2). 
Relative mRNA levels for the ten TCCs are given m Table 1. 

A FABP prolein and mRNA levels in invasive grade III. T,^ 
TCCs Of .he .nvasive TCCs (grade 111. T,.a) analysed by 2D 
PAGE only six yielded reasonable prolein profiles for further 
study As shown in Table 1. none of these lesions expressed 
detectable levels of A-FABP as determined by Coom^^s.e 
B..lliant Blue s.a,n,ng (F.g. IE. TCC 711-1)- In hne wrth these 
results, the RT-PCR analysis of these tumors 
undetectable level of A-FABP mRNA (F.g. 2. Gr lU Ir'- 
Table 1). 

Loss of A-FABP prouin is no, compensaud by an '"'[^''"^J" 
PA-FABP. Recent studies of A-FABP knockout m.ce have 
.hown that the loss of A.FABP in fat tissue is «n.pcnsa<eO 
by an increx« m the skin fntly acid-binding P'<»«'" < 
Our s.ud,es. however, .ndico.ed that the human homolo ue 
of mall. PA-FABP (19). d.d not compensate for the oss o 
A-FABP eiihe, .n rhe no..-invasive o. the invasive tumors 
nnnlysed in this study (Fig. ID and E). In addM.on. F.g^ 3 
shows 2D gels of |"S]-.ne.hionine labeled prote.ns fro.n .wo 
..adc 11. Ta TCCs ( 192-<1. T„ F.g. 3A and 192-4, T.. F.g. 3B). 
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Figure 3. Levels of A-FABP and PA- FA BP protein in grade II, Ta Itimors 
/esccled from the same pDiieni. The two upper panels show ibc 2D gel 
autoradiograms of I'^SJ-meibionmc labeled proteins from TCCs (grade II. 
Ta) resected from ihe same paiienl. A, TCC 192-9 lumor 4 and B.- TCC 
192-9 tumor I. Only the rclcvam area of the autoradiograms are shown. The 
low panel shows the RT-PCR analysis of A-FABP mRNA expression in ihc 
same tumors (sec also legend ip Fig. 2). 



whtcb differ significantly in iheir levels of A-FABP protein 
and mRNA (Fig. 3. low panel). As shown in Fig. 3. the 
decrease in A-FABP observed in TCC 129-4, T, is not 
accompanied by an increase in the PA-FABP protein (Fig. IE). 

Discussion 

Of the TCC progression markers identified to date, A-FABP 
is perhaps one of the most interesting as its presence correlates 
both with Ihe grade of alypia (p=0.0006) and the stage of the 
disease (p=0.0269) (3). A-FABP is a low molecular weigh! 
protein belonging to a cytosolic multigene family of lipid- 
binding proteins that include heart, liver, intestinal, muscle, 
brain, skin and epithelial isoforms (20). Members of the 
FABP family are highly expressed in differentiated cells and 
show naRow tissue distribuijoh. Their precise function is al 
present unknown, although there is evidence suggesting ihai 
they may play roles in intracellular lipid Iransporl and 
metabolism, signal transduction (21,22) as well as growth 
control and diffeienlialion (23). The role in signal iransduction 
has been inferred from ihc fact ihat long-chain faiiy acids and 
their metabolites can act as primary and second messengers 
in specific signalling pathways (24), Recently, it has been 
shown thai A-FABP may play a central rote in the pathway 
that links obesity with insulin resistance, most likely by 
connecting the fatty acid metabolism with the expression of 
TNF-o (18). Furthermore, there is evidence indicaimg that 
the A-FABP gene coniams sequence miormaiion necessary 
for di ffe renlia I ion- dcpertdent ex pi ess ion in adipocytes (25). 
Our own data derived from the study of TCCs and normnl 
urothclium suggest ihni A-f ASP may be r.cquiied foi nonn:il 
uiQtheliuni differential ion (0. as mny he the case toi PA- 
FABP in the skin f 1 9). 



Considering the potential prognostic value of A FAJBP 
protein and/or mRNA in TCC progression il wiis iinpbrtan! lo 
determine if the levels of both type of macroniolecules 
correlated both in the non-invasive and the mvasivc lesions 
expressing and lacking A-FABP. The need for such correlation 
was underlined by recent studies of Anderson and Seilhamer 
(15), who reported a lack of overall correlation bctv^cen the 
mRNA and jjrotein levels of. 45 rat proieiris analysed by 2D 
PACE in combination with cDNA arrays, tfieir data yicldedl a 
correlation coefHcient of 0.45 which is half way between weak 
and perfect correlation, Oearly, our data showed a very" good 
correlation between ihe protein and mRNA levels of A-FABP 
in all tumors analysed indicating thai the loss of A-FABP 
protein observed in. some tumors is not due to post- 
transcriptional regulation. 

Recently, knockout mice carrying a iiull mutation in the 
aP2 gene encoding for A-FABP was produced (18). These 
animals do not show an obvious morphological or metabolic 
pher)Oiype. but exhibit a 20-fold increase in the levels of ihc 
keraiihocyte type FABP (/no/;), which may compensate for 
the loss of the deleted gene (18): The human homologuc of 
the mail gene, PA-FABP, was cloned in our laboratory and 
has been shown to be highly upregulaled in psoriatic skin as 
well as in abnormally differentiated primary keratinocyies 
(19). PA-FABP is expressed in normal urotbelium together 
with A-FABP (3), and ongoing studies in the laboratory have 
shown that its level decreases significantly as tumors progress, 
interestingly, the studies repoHed in this article did not revealed 
a compensatory up- or down-regulation of PA-FABP in the 
TCCs analysed, supporting the contention that PA-FABP may , 
also play a role in cell growth and differentiation (19). . 
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[The pathogenic role of macrophage migration inhibitory factor in acute 
respiratory distress syndrome! 

[Article in Chinese] 
GuoY,XicC. 

OBJECrryE To investigate the expression and pathogenic role of macrophaRe mimtion 

m'ro?"" 'r'' P^"«"*^ persons were 

measured by ELISA meti.od. Peripheral blood mononudem cell (PBMC) mTf exnression 
was detenn,ned by flow- cyton.etry. The expression of MIF rnRNAZl^^i:^^^ 

TbriZronTEsSS?^^ 

nybadization. RESULTS The serum level of MIF increased significantly in ARDS 
pafents as compared with normal persons (P < O.Ql). The percentage of PBMCMIF 

^ybnd,2at.on and .mmimohistochemistty showed undetectable or weaJc M IF mS^A and 
pmtem express.on .n normal lungs. contrast, there was marked upreguYariorofMIF 
mW^A and protem express.on in the ARDS lungs. Ir. ARDS macro phSes infiltrated , he 
alveolar space and mterstitium, most of which also expressed MIF. Infilling 
macrophages were aJmost restricted to (he areas of severe tissue damage Te MIF 

COmwiZntT' ' "'•^ ''"^ number of infiltrating malphages 

wh^h sSes that Mfr'T"" '"''"'"r "^^^^P^^^^ 
wtiich suggests that MIF plays a pivotal role in the pathogenesis of ARDS. 

PMID: 12126556 [PubMed - indexed for MEDLINE] 
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Restored expression aud activity of organic ion transporters rOATl, 
rOAT3 and rOCT2 after hyperuricemia in the rat kidney. 

HabiLY, Yano I. Okuda M Fukatsu A . Iniii K . 

DepartmentofPharmacy, Kyoto University Hospital, Faculty of Medicine Kyoto 
University, Sakyo-ku, Kyoto 606-8507, Japan. 

We previously reported that in hyperuricemic rats, renal itnpairment occurred and organic 
ion transport activity decreased, accompanied with a specific decrease in the expressfon 
ofratorganic anion transporters, rOATl and rOAT3, and organic cation transporter 
rOCT^. In the present study, we investigated the reversibility of the organic ion trax^port 
activity and expression of organic ion transporters (slc22a) during recoven^ from 
hyperuricemia. Hyperuricemia was induced by the administration of a chow containing 
unc acid and oxomc acid, an inhibitor of uric acid metabolism. Four days after 
discontinuance of thechow. the plasma uric acid concentration returned to the normal 
uu ^'';^^«^"^<='»ons such as creatinine clearance and BUN levels were restored 
although the recovery of tubulointerstitiai injury was varied in sites of the kidney ' 
Basolatera^ uptake of p-aminohippurate (PAH) and tetraethylammonium (TEA) and both 
protein and mRNA levels of rOATl . iOAT3 and .rOCI7 in the kidney gi^dually 
improved during 14 days of recovery from hypemricemia. Basolateral PAH trarLport 
^r^~nL.u """"f^'*"" the protein level of lOATl (r(2)=0.80) than rOAT3 
S^ll^ZT'^^'T"'"^ ^^"^ '"'"^P"'' "'^""'^ « strong correlation with rOCT2 
Cr^lfl'^o^^^^ ^ testosterone concentration, wlilch is a dominant factor in 
Kni 2^ , f^Cn, was gradually restored during the recovery from hypeniricemia 
^1 hfkHnT ^r"".*" P'"™' Protein'^xpression ' 

ri.. H ^ T'^'"^'- "^'^"^^ ^"egest that the regulation of organic ion 

transporters rOATl. rOAT3 and rOCT2. by hyperuricemia is reversible, and the orgrc 
ion transport activity restores according to the expression levels of these transported 

PMID: 15748710 [PubMed - indexed for MEDLINE] 
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Regulation of cytochrome P4501AI in teleosts: sustained induction of 
GYPlAl inRNA, protein, and catalytic activity by 2,3,7,8- 
tetrachlorodibenzofurau in tbe marine fish Stenotomus chiysops. 

Hahn ME , Stegeman JJ . 

Biology Department, Woods Hole Oceanographic [nstitution, Massachusetts 02543. 

Cytochrome P4501 Al (CYPl A!) is known to play important roles in tlie activation and 
detoxification of carcinogens and other toxicants in vertebrate animals, including fish. 
Altliough extensively studied in mammalian systems, the regulation of CYPl A forms in 
other vertebrates is less well understood. We examined the time course and dose- 
response relationships for induction of CYPl Al mR14A, protein, and catalytic activity by 
2,3,7,8-tetrachlorodibenzpfuran (TCDF) in the marine fish Stenotomus clirysops (scup). 
The time course of CYPl A.1 induction was determined following a single ip dose (10 
nmol/kg) of 2,3,7,8-TCDF, Hepatic ethoxyresorufin O-deethylase activity was increased 
after I day, reached a maximum by 8 days, and was still elevated 14 days after treatment. 
The content of inununodetectable CYPl Al protein in liver was elevated on Day I and 
continued to increase through 14 days. CYPl Al protein content was also strongly 
induced in heart and gill beginning at 2 days after treatment and extending through Day 
14. Hepatic CYPl Al mRNA was strongly induced by 1 day after dosing and remained 
elevated through 14 days. The sustained induction of CYPl Al mRNA by 2,3,7,8-TCDF 
contrasts with the transient induction seen previously in fish treated with no'nhalogenated 
inducers and most likely reflects differences in persistence of the inducers. Dose-response 
studies indicated that induction of CYPl Al mRNA, protein, and catalytic activity 
occurred following doses of 2,3,7,8-TCDF as low as 0,4 nmol/kg (1 20 ng/kg), within the 
range of whole-body contents of this congener measured in fish fi-om contaminated 
environments. The estimated dose producing half-maximal CYPl Al induction in scup 
was approximately 2-10 nmol/kg, suggesting that the sensitivity of these fish to induction 
may be as great as or greater than that of rats. In contrast to previous results obtained with 
3,3*,4,4*-tetrachlorobiphenyl (TCB) and beta-naphlhoflavone, which appear to inliibit or 
inactivate CYPl A 1 iii fish and other vertebrates, there was a good correlation among 
levels of CYPl A 1 mRNA, protein, and catalytic activity in individual fish following 
various doses of 2,3,7,8-TCDF. The difference in response to 2,3,7,8-TCDF versus 
3,3',4,4'-TCB may reflect differences in the inducing potencies of the two compounds 
relative to their similar potencies as inhibitors of CYPl A I catalytic activity. In additional 
studies to evaluate structure-activity relationships for CYPl A! induction by chlorinated 
dibenzofurans in fish, scup were treated with 2,3,6,8-tetrachlorodibenzofuran (2,3,6,8- 
TCDF). At 10 or 50 nmol/kg, 2,3,6,8-TCDF was inactive as aii inducer of CYPl Al ' 
mRNA, protein, or catalytic activity.(ABSTRACT TRUNCATED AT 400 WORDS) 
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Expression of the pS2 gene in breast tissues assessed by pS2-mRNA 
analysis and pS2-protein radioimmunoassay, 

Hahnel E, Robbins P. Harvey J, Sterrett G , Hahnei R . 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical 
Centre, Nedlands. 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein 
using a radioimmunoassay, and by determining pS2-mRNA using Northern blotting. 
There was a good correlation between the two measurements, indicating that expression 
of the pS2 gene in breast tissues ihay be assessed by either method. Since 
radioimmunoassay is technically easier and more eificient than Northern blotting, 
radioimmunoassay will be the method of choice in routine applications. 
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Brief communication 

JExpression of the pS2 gene in breast tissues assessed by pS2>mRNA analysis 
and pS2-protein radioiuimunpassay 

Eriica Hahnel, Peter Robbins. Jennet Harvey, Gregory Sterreti and Roland Habnel ' * 
Department of Pathology, University of Western Australia, Queen Elizabeth I J Medical Centre, Nedlands, 
6009, Western Australia 



ATtfj' H'or^; breast dssue, pS2-mRNA, pS2 protd^ 
Summary 

The expression of the pS2 gene m breast ussues was assessed by measuring pS2-prorein using a radioimmu- 
nqassay. and by determining pS2-mRNA using Northern blotting. There was a good corxeiation between the 
two measurements. fndicaUng that expression of the pS2 gene in breast tissues niay be assessed by either' 
method. Since radioimmunoassay is technically easier and more efficient than Northern blotting, radioim- 
munoassay will be the method of choice in routine applications. 



Introduction 

Expression of ihe pS2 gene is controlled by estro- 
gen. This was first described in the jyiCF-7 breast 
cancer eel] line (1). pS2 expression has since been 
reported to be useful as a prognosh'c indicator [2, 
3J, although this was not confirmed in another se- 
ries [4]. 

pS2 expression may be assessed in tissue ho- 
mogenares by analysis of jiSl-mB^A f5J, by ra- 
dioimmunoassay of the pS2-protein f2], or by im- 
munpcyiocbemical detection of the pS2 protein in 
tissue secdons \5]. Jt was the aim of this study to 
estabh'sh the correlation between pS2-mRNA and 
pS2-proiein.by radioimmunoassay in Tt stnt^ of 
tissues obtained from mastectomy specimens per- 
formed for carcinoma of the breast. Primary breast 
carcinoma tissue, metastatic carcinoma within ax- 
illary nodes, and macroscopicaJJy benign bxe^si 
tissue were examined. 



Materials and methods 
Breast tissues 

Tissue specimens from mastectomies performed 
for carcinoma of the breast were examined. 32 pri- 
mary breast carcinomas* 10 axillary lymph nodes 
containing metastatic breast carcinoma, and 20 
samples of uninvolved breast tissue were analyzed 
for pS2 expression. 

The primary breast carcinomas were histolog- 
ically classified using a conventional subclassifi- 
caiion. The presence or absence of primary tumour 
was assessed. The presence of metastatic carcino- 
ma within lymph nodes studied was verified by 
histological examination of the node remnant after 
sanipling. 

'Uninvolved' breast tissue was sampled from 
sites welJ removed from the primary breast tumour 
(usually in another quadrant of the breast), and was 
selected only if the tissue appeared macroscopical- 
ly unremarkable'. Tissue sampling occurred inime- 
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diaiely upon arrival of the mastecioniy specimen in 
the laboratory, with minimal delays between re- 
moval and sampling. 

Tissues for pS2 analysis were snap frozen in liq- 
uid nitrogen iand stored at -70^C until processed. 

Extraction ofRNA and determination of 
pS2-7nRNA 

Details of the procedure have been descfribed in our 
previous paper [6]. Briefly, the deep-Jrozen tissue 
was homogenized in a micrp-dismembrator. The 
homogeneous powder, was extracted with guani- 
diniumisothiocyanaiephenolchloroformiso- 
amylalcohol, and RNA was precipitiated with iso- 
propanol. Thewashed RNAj&elJet was dissolvedin 
SDS and glyoxylaied. and the RNA preparation 
loaded onto agarose gel. After electrophoresis the 
gel was capillary blotted onto Zeta-probe mem- 
branes. Membranes were hybridized overnight 
with cDNA. probes pS2 and 36B4» which were la- 
jbeJed with [a^J dCTP by wck iranshiions, 
■Washed membranes were exposed to Kodak X- 
qmat AR film. Relative intensities of the mRNA 
bands were assessed visually as not detectable, ve- 
ly weak^ weak, medium, strong, and very strong, 
taking the intensities of the ubiquitous 36B4 bands 
into account. 



' Radioimmunoassay of pSl-protein 

Deep frozen specimens were pulverized with a mi-- 
crodismembrator. The tissue powder was suspend- 
ed in 10 volumes of pH7.5 phosphate buffer. The 
homogenaie was cen trifuged in a refrigerated cen- 
, trifoge at 4^*0 for 60 minutes at 2600xg. The sij- 
pemaiant was removed with a Pasteur pipette, 
carefully avoiding the fat layer on the lop. The pro- 
tein concentration in the supernatant was estimated 
by use of the Coomassie dye-binding method [7]. 
An aJiqu.oi of the supernatant was diluted lo a pro- 
tein concentration between I and 2mg/ml before 
assay of ibe pS2-proiein. In one case the protein 
concentraiion of the supernalam was well below 
1 me/ml. 



The estimation of thepS2-:protdn wasperfoirn- 
ed using a solid phase, two-site radioimmunoas- 
say. The kits were bought from CIS Biointmia- 
tional, Gif-sur-Yveile. France (ELSA-PS2). In this 
method the molecules of pS2 are sandwiched be- 
tween two rrionoclonal antibodies; the first one is 
coaled on the ELS A solid phase, the second one is 
radiolabeled with J25-iodine. The radioactivity 
bound to the ELSA is proportional to the concen- 
tration of pS2-protein. Details of the procedure are 
supplied with the kit (8), ' 

Result^ and discussion 

32 primary breast carcinomas, metastatic breast 
carcinoma in 10 lymph nodes, and 20 samples of 
benign breast tissue from masteciorhies were in^ 
vestigated. Two of the carcinomas were of the infil- 
trating lobular type, two were.ducial carcinomas in 
sitUy one was a multicentric invasive ductal carci- 
noma, all others were invasive ductal carcinomas.. . 

Examples of pS2 Northern blots have been 
shown in our previous paper [6] which demon- 
strate that undegraded pS2TmRNA can be isolated 
by the method used. 

The results of the pS2-protein and pS2-mRNA 
assays art shown on Kg, 1. There was a good corre- 
lation belweenJhe two types of results. When pS2- 
mRNA could hot be detected by Nonhem blot, 
pS2-protein results were usually below Ing/mg 
protein (22 of 30), or between ) and 3.7ng/mg (6 of 
30). Two were exceptions (7.7 and 14.6): one of 
them cQuld have been due to the very low protein 
content in the cytosol which would lead to a large 
. pS2 value and an associated error. There was no 
explanation for the other high result. Very weak 
pS2-mRNA signals on Northern blots correspond- 
ed to pS2-prolein values between LI and 19.2 with 
an average of 6.6ng/mg protein (median 5.7); The 
mean and median pS2-proiein concentration in the 
tissue with weak pS2-mRNA signals were 14.3 and 
1 0.7 ng/mg protein, respectively. The averagepS2- 
proiein concentraiion increased to 32.7 (median 
31.5) ng/mg proieihfor tissues assessed as medium 
pS2-mRNA iniensity, and to 43.3 (median 53.8) 
ng/mg protein for tissues with stiong or very strong 
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pS2-mRNA signals. These values should be used 
as an approxiifiare guide only, since the number of 
samples in the various groups was fairly smalL 
One-v/ay analysis of variance confirmed that the 
means of the pS2-protein values in the groups 
made up according to their pS2-mRNA signal in- 
tensity, vi^ere significantly different (p <]0-*). 

If the j>S2 gene is expressed, its expression is on 
average greater in breast carcinomas than in unin- 
volved breast tissue. If one takes pS2-protein val- 
ues above 4ng/rog protein as cut-off, the average 
pS2-protein in 14 breast cancers was 343 (median 
: (35.2), while it vras only 18.1 (median 13.8) in 12 
uninvolved breast tissue samples. Jf the cut-off is 
taken at idng/mg protein, average pS2'protein in 
breast carcinoma is also about twice the level of . 
uninvolved tissue. There were not enough lymph 
node metastases which expressed the pS2 gene to 
allow a comparison with carcinoma or uninvolved 
breast tissue. . 

Recent preliminary results of pS2 by radioim- 
munoassay [9] are similar to ours for breast cancer 
but considerably lower than our results for normal 
breast tissue. 

The values of the pS2-protein measured obvi- 
ously depend on the protein used for calibration. 
AVe used the pS2-proiein standards supplied with 
the CIS kit, which according to the supplier gave 
values from 0 to 740ng/mg protein in a series of 
205 breast cancer cytosols. Previously, a different 
standard had been used for presumably the same 
series of breast carcinomas [2], and a conversion 
factor to current standards is given as 2.8 [8]. 

It was noticed that the correlation between pS2- 
proiein and pS2-mRNA was better in breast carci- 
noma specimens than in uninvolved breast tissue. 
This is une;tplained, though it could be due lo the * 
variable content of cell or tissue types in adjoining 
parts of a specimen, a variation morelikely to oc- 
cur in our sampling of non-malignani breast tissue 
compared to sampling of carcinomas. A similar 
vai*iability in breast carcinoma specimens will 
probably have a smaller influence on the pS2 re- 
sults, since the malignant cells - if they do express 
the pS2 gene - contain more pS2- protein than nor- 
mal breast. 
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The role of the epidermal growth factor receptor ia sustaining neutrophil 
inflammation in severe asthma. 

Hamihon LM, Torres-Lozaao C Puddicombc SM , Ricliter A, ICimber I, Dearman 
RJ, Vrugt B , Aaifaers R . Hoigate ST . Djukanovic R . Wilson SJ, Davies DE . 

Division of rnfection, Inflammation & Repair, School of Medicine, University of 
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BACKGROUND: The extent of epithelial injury in asthma is reflected by expression of 
the epidermal growth factor receptor (EGFR), which is increased in proportion to disease 
severity and is corticosteroid refractot7. Although the EGFR is involved in epithelial 
, growth and differentiation, it is unknown whether it also contributes to the inflammatoiy 

. response in asthma, OBJECTFVES: Because severe asthma is characterized by 
neutrophilic inflammation, we investigated the relationship between EGFR activation and 
production of IL-8 and macrophage inhibitory protein-1 alpha (MLP-l alpha) using in 
vitro culture models and examined the association between epithelial expression of IL-8 
and EGFR in bronchial biopsies from asthmatic subjects. METHODS; H292 or primary 
bronchia! epithelial cells were exposed to EGF or H202 to achieve ligand-dependent and 
iigand-independent EGFR activation; IL-8 mRNA was measured by real-time PGR and 
IL-8 and MIP-1 alpha protein measured by enzyme-linked immunosorbent assay 
(ELISA). Epithelial IL-8 and EGFR expression in bronchial biopsies from astlimatic 
subjects was examined by immnnohistochemistry and quantified by image analysis. 
RESULTS: Using H292 cells, EGF and H202 increased IL-8 gene expression and 
release and this was completely suppressed by the EGFR-selective tyrosine kinase 
inliibitor, AG 1478, but only partially by dexamethasone, MIP-1 alpha release was not 
stimulated by EGF, whereas H202 caused a 1.8-foId increase and this was insensitive to 
AG1478. EGF also significantly stimulated IL-8 release from asthmatic or normal 
primary epithelial cell cultures established from bronchial bmsliings. hi bronchial 
biopsies, epithelial IL-8, MIP-1 alpha, EGFR and submucosal neutrophils were all 
significantly increased in severe compared to mild disease and there was a strong 
correlation between EGFR and IL-8 expression (r - 0.70, P < 0.001). CONCLUSIONS: 
These results suggest that in severe asthma, epithelial damage has the potential to 

. contribute to neutrophilic inflammation through enhanced production of lL-8 via EGFR- 
dependent mechanisms. 
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f^mllif — " ^" expression of human miax,somal epoxide hydrolase 
(mEH) may be an important risk factor for chemically induced toxicities inc^^t 
cancer and teratogenesis. In m study, phenotypic vi^ability ^Er^e^^^^^^^ 

assessed usmg (+/-)-benzo[a]pyrene-4,5-epoxide at 2 substrate concentrations The 
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Abstract 

Lung cancer is the most common cause of cancer death 
in developed countries. The prognosis is poor, >vilh less than 
15% of patients sur\iving 5 years after diagnosis. The poor 
prognosis is attributable to lack of efficient diagnostic meth- 
ods for early detection and lack of successful treatment for 
metastatic disease. Most patients (>75%) preseni with stage 
UI or IV disease and are rarely curable with current ther- 
apies. Within the last decade^ rapid advances in molecular 
biology, pathology, bronchology, and radiology have pro- 
vided a rational basis for improving outcome. These ad- 
vancements have led to a better documentation of morpho- 
logical changes in the bronchial epithelium before development 
of clinical evident invasive carcinomas. This has changed our 
concept of lung carcinogenesis and emphasized ibc multistep 
carcinogenesis approach on several levels. Combined with 
the technical developments in bronchoscopic techniques, 
e.g., laser- induced (luorescence endoscope (iJFE) bronchos- 
ropy, we now have improved methods to localize preinvasive 
and early-invasive bronchial lesions. With the LIFE bron- 
choscope, a new morphological entity (angiogenic squamous 
dysplasia) has been recognized, which might be an impor- 
tant biomarlicr and target for antiangiogenic chemopreveu- 
tive agents. To reduce the mortality of lung cancer, these 
new technologies have been taken into the clinic in differ ent 
scientific settings. The use of lo>v-dose spiral computed to- 
mography in the screening ol a high-risk population has 
drmonslralcd the possibility of diagnosing small peripheral 
tumors that are nut seen on conventional X-ray. A shilt in 
the therapeutic paradigm from targeting advanced cliniralty 
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manifest lung cancer toward asymptomatic preinvasive and 
early- invasive cancer is occurring. The preseni article re- 
views the recent advances in the diagnosis of preinvasive and 
early-invasive cancer lo identify biomarkers for early detec- 
tion of lung cancer and for chernoprevention studies. 

Introduction 

Lung cancer is the most common cause of cancer deaths in 
the counhries of North America and other developed countries, 
accounting for 29% of all cancer deaths and mote deaths than 
from prostate, breast, and colorectal cancer combined in the 
United Slates (I). Lung cancer will be diagnosed in ~ 1 70,000 
new patients in the United States in the year 2000, and < 15% of 
them will survive 5 years afler diagnosis (1)- The prognosis for 
the patients with lung cancer is strongly correlated to the stage 
of the disease at the time of diagnosis. Whereas patients wiih 
clinical stage lA disease have a 5-year survival of about 60%, 
the clinical stage IMV disease 5-year survival rate ranges from 
40% to less than 5% (2). Over rwo- thirds of the patients have 
regional lymph-node involvement or distant disease at the lime 
of presentation (3). The poor prognosis is largely attributable to 
the Jack of effective early detection methods and the inability lo 
cure metastatic disease. The unsatisfactory core rales supports 
efforts aimed at caily identification and intervention in lung 
cancer. 

Historically, the only diagnostic tests available for the 
detection of lung cancer in its early stages were chest radiogra- 
phy and sputum cytology. The efficacy of these tests as mass 
screening tools was evaluated in controlled trials sponsored by 
(he NCP and conducted at Johns Hopkins University, Memorial 
Stoan-Kciiering Cancer Center, and the Mayo Clinic during the 
1970s (4-6). The principal goal of these studies was to deter- 
mine whether a rcduciion in hing cancer mortality could be 
achieved by adding sputum cytology tesh'ng lo annual screening 
by chest radiography. Results from these trials showed thai boih 
icsts could detcci presympiomatic, eaily-stage carcinoma, par- 
ticularly of squamous cell lype. Reseciabiljty and sun'ival rates 
were found to be generally higher in the study groups ihan in the 
conljo) groups. However, improvements in rcscciability and 
suniv.ll did not lead to a reduction in ovcfall lung cancer 
inoiialiiy. iUc inu^^i critical end point. A siibsequeni snidy of 
6346 CzcchosJovakian male .smokers also found no leduciion in 
Innt' f rtr>crr monatity a fret dual screening by chcsi radioijiaphy 



llir ;tH>ir> ijiinnv i.'jrj :nc: NCI, Nation;!! C-inCtM Initiiuir: CIS, 
r ;fpf inrinrj in CI. fompuirJ lonioj^rapfiy: .ASt*), 3fU'i0f:t-iitf ,M]u;t- 

mo".*. ityspbM.K I .SG. lumoi siippic.ssoi (:cne: t.OI), lo,<.s ol S( »'io7y- 
••osifv; t^nRN^'. hfiriOL'fn'.'cuf niiclf.ii rihoniicIfopH'iriii: SPi.C. ifcoiiil 
piiman' hint' faruci: UAl. btonf Ik'sIvc i>bi bvuL-r; SCI.C. SPTial) crll 
tiir.r i'2i» JiH»nt3i V.'LR. vfnic U^ilii hlOm•l^o^f opy, l.lFt:. Ia;.f i- mducnl 
MiKur,* r rn<. i' i iiiti i.'^r opt- ; I:LCAI'. t;Mly Lunp Cancer Anion I'joinr: 
rri. pnr.iuon ririi.sjion ir.iriOLT.tphy: 100. [ I Ifluoto-/ • t)rO>yE'h»i- c.vr 



6 Review: Advances in Early Detection of Lung Cancer 



and spuhim cytology (7), The negative results firom these 
' screening studies lead the NCI and other health policy and 
research groups to conclude thai mass screening programs in- 
volving periodic sputum cytoJogical evaluation and chest radio- 
graphs couJd not be jusrified. However, cbntroversies in the 
rnethodology and interpretation of the data from these studies 
have later been extensively discussed (S, 9). One additional 
study of annua! chest X-ray screening is currently being con- 
ducted by the NCI; The Prostate-, Lung-, Colorectal-, and Ovar- 
ian (PLCO) screening trial. This trial includes individuals 55-74 
. years old, but they are not selected for this trial on the basis of 
high risk for lung cancer (e.g., smoking history with .>20 
pack-years). 

The failure of clinical trials to demonstrate the efficacy of 
Sputum cytology and chest radiography as mass screening tools 
has resulted in a search for better diagnostic approaches for 
early lung cancer detection that take advantage of recent devel- 
opments in molecular biology, gene technology, and radiology 
(10). Funhenmorc, as has been the case for mammography 
screening for breast cancer, it has also been important to identify 
risk groups for lung cancer. 

Although, much is knovm about predisposing factors, nat- 
ural history, and the outcome based on histology and stage, our 
understanding remains very incomplete in many areas. What are . 
the early premalignant changes molecularly, biochemically, and 
■ morphologic ally? Which changes are reversible and which are 
not? What research tools are available to provide answers to 
these questions? The identification of preinvasive lesions allows 
for developing promising methods for early intervention (11). 
The Therapeutic paradigm and focus are today shifting from 
targeting only clinically verified lung cancer as previously to- 
ward targeting , the premalignant and early- malignant lesions. 
Furthermore, the prospecj of Jung cancer screening has today 
become more meaningful as a consequence of recent devejop- 
ments in biology and radiology and belter possibilities to define 
high- risk populations mo.^t suitable for lung cancer screening 
(12). ■ ^ 

The present article will focus on the clinical perspectives of 
OUT biological knowledge of premalignant and early-malignant 
lesions and the potential of the rcccnl technological advance- 
ment for early diagnosis of lung cancer. 

F;»thology of Trcinvasive ant) Early Jnv<'»sive 
Bronchial Lesions 

Most of (he effojts to classify lung I'ancer have been 
directed toward invasive carcinoma (13). However, better un- 
dcrsiandint! of ihc pathogenesis of lung cancer aroused renewed 
interest in morphologicnt ^^bnomialiiics ihar f:ilj .shod of inva- 
i-ive carcinom:i but rnny indicate initiation of cartinof^enesis. 
These mc^fphologicnl abnornialiires me lefened to as j>reinva- 
sive lesions and are shown in }-'\^. I. 7 lie la.s) edirion of the 
WHO classification of lung lumois inclurlrd the classifrcaiion of 
preinvasive lesions as a sepn(;Uc section. Numerous recent stud- 
ies have indicnrcif drat Inng cancer is noi the rcruM of u siiddcrr 
translorrniiic event in the bronchial tpjrhclium bui :i multistcp 
process m whicli t.'jadijai(v accruing? sei|ueniial gcmric .ind 
cclhjlar changes result in the ft>nnation of an invasi^'C (.-.t'., 
mrdipnaiK) tnnior. Mtjcos.ii chani;c.s in the i.urc aijv^ays iha: 



may precede or accompany invasive squamous catrcinoma in- 
clude hyperplasia, metaplasia, dysplasia. and'CIS (14): Hyper- 
plasia of the tffoirchial epithelium and squamous metaplasia 
have generally bpen considered reversi'ble, and not premalignant 
. in the sense of squamous dysplasia and CIS (15). 

Squamous metaplasia is a common finding, especially as a 
response to cigarette smoking. Peters et al (16) studied bron- 
cboscopic biopsies from six sites in 106 heavy cigarette smok- 
ers; Squamous inetaplasia was noted at one or more biopsy sites 
in approve imately two- thirds of the group, and one- fourth 
showed squamous metaplasia in three or more biopsy sites. The 
incidence of squammis metaplasia increased with smoking his- 
tory and was highest in individuals who had smoked more than 
tAVO packs of cigarettes a day. Auerbach ef ol (17) noted similar 
. findings in autopsy tissues: basal cell hyperplasia and squamous 
metaplasia are increased tn smokers in proportion to smoking 
history. Hyperplasia dnd metaplasia arc believed to be reactive 
changes in the bronchial epithelium, as opposed to true preneo- 
plastic changes (17, 18). The reasons for this include: (a) they 
are frequently found in association with chronic inflammation, 
and may be induced by mechanical trauma; {b) ihey spontane- 
ously regress afier smoking cessation; (c) in chronic smokers, 
the molecular changes present in these lesions are similar to 
those present in histologically normal epithelium; and {d) there 
are no reports linking their presence to increased risk for devel- 
oping lung cancer. In contrast, moderaie-to-severc dysplasia and 
CIS lesions seldom regress after smoking cessation (19). 

Dysplasia and CIS are changes that frequently precede 
squamous cell carcinoma of the lung. Saccomanno ei o/. (20) 
studied luore than 30,000 samples from 6,000 men, many of 
whom had worked in the uranium mining industry. Both smok- 
ing and uranium mining (radon exposure) were found to be 
associated with increased incidence of dysplasia, CIS, and in- 
vasive cancer. The studies of Saccomanno et al established that 
increasing degrees of sputum atypia rnay be recognized an ■ 
average of ^-5 years before the development of frank lung 
carcinoma. 

Another question is: which grades of spurum atypia pro- 
gress, lo cancer? From the Johns Hopkins cohon of the NCI 
chest ray/sputum screening trial, we know that among indi- 
viduals with moderate atypia on sputum screening. — 10% de- 
veloped known cancer up to 9 years later. Among irrdividuals 
with severe arspia on the sputum screening, >^0% developed 
known cancer durin^ the same lime period (21). Although there 
are data in the literature showing the relationship between 
.sputnm atypia and sub:;cquenl invasive cancer, there is Still very ■ 
little infomiaiion about the hisiological j)rogTe5siou in the bron- 
chial mucosa in the high risk popiilalions. In a recent publica- 
tion, nine paiienis wiih CIS were followed with a utofluoi es- 
sence brCMichoscopy ar regular inter^'als, ami 5 (.56%) had 
p)oe;esslon lo iii\nsi\e carreer despite endobronchial therapy 
{??). Ihc number (>f in\astve cancers might eien have been 
hit^hrr if treatment hrtd not been not given. Ongoing studies of 
hji-h risk subjects {c v . die Coloindo sputum cohort study) 
imhittinp serial follow- up biorKho;coprcs will provide evidence 
pclaicd to ihe rrequrncy of development ot invasive lun]; cancer 
as ii relates to ,*;rnt.'kin^: hisiory, airflow obrjnicrion. and sputum 
arypia 

Since Ihc plC^■i(•v)S WHQ. fhi.s^if j car ifin was published in 
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Fig. 1 squamous metaplasia. The 
cells axe widely dispersed, wiih a reg- 
ular maturation from the basal region 
to the top. There is Iceratinization, and 
I he' Duclei/cytopjasmic ratio is low. 
modcraie dysplasia wirh ASD. Hyper- 
ccllulniity of the epii helium wirh in- 
complete maiuraiion and micropapi)- 
lary invasion of capillaries are seen. 
The nuclel/cyioplDsmic ratio is high. 
C, severe dysplasia. Theic is marked 
plcomorphism of the cells with inegu- 
larlty and prominent nucleoli. 
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1981, two nonsquamous lesions have been added to the WHO 
classification of premalignant lesions: atypical alveolar hyper- 
plasia and diffuse idiopathic neuroendocrine celj hyperplasia 
(J 3). Both of these lesions are diagnosed rarely. The fornner 
consists of lesions <5 mm in diameter and composed of a 
peripheral epithelial ceJI proliferation with minimal cytological 
atypia or stromal response and resembles bronchiobalveolar 
cajcinoma; The lesion has been seen in hirig specimens resected 
for hmg cancer, but no prospective significance, of this lesion 
has been reported. However, this morphological lesion may play 
. a role for the pathogenesis of peripheral Jung adenocarcinomas 
(23, 24). The resolution of spiral CT (currently about 3 mm) 
approaches the diameter of these lesions, and it is anlicipaled 
that atypical alveolar hyperplasia will be increasingly encourh 
tered in subjects undergoing this procedure (25). DifTusc idio- 
pathic neuroendocrine cell hyperplasia consists of a patchy 
increase in the number of well-differentiated neuroendocrine 
cells in (he bronchioles. This process may result in the formati6n 
of small carcinoid tumors, and for this reason it is considered 
. "preinvasive." To date, small cell carcinomas have not been 
associated with this lesion (J 3). 

Recently, the use of Ouorescence bronchoscopy (see be- 
low) has increased the recognition of dysplastic lesions in the 
large airways and a new morphological entity, ASD, was iden- 
tified (26). Dysplasia of bronchial epithelium in "micropapillo- 
matosis" and the possible link between angiogenesis and prein- 
vasive bronchial epithelial dysplasia were recognized a s early as 
J 983 by Muller and MuJler (27), who also described the ultra- 
slrutture of these lesions. Ji has been suggested that this angio- 
genesis, which is recognized as capillary loops projecting into 
the dysplastic bronchial lining, is responsible for the reduced 
fluorescence seen in dysplastic lesions by LIFE bronchoscopes 
(Figs. 1 and 3; Rcf 26). Future prospective studies will show 
whether this morphological entity is conelated with a progres- 
sion to lung cancer so as lo be a target for the use of anliangio- 
genjc agents for chemoprcvenlion. 

In general, there are several questions/problems relating to 
premalignant lesions, which will be addressed in hitme studies: 
{{]) The inoiphological criteria tor premalignant and early- 
malignant changes, both on sputum cytology and in bronchial ■ 
biop.'iics, have to be validated for iniro- and interobserver rrpio- 
ducibility. 

{h) Uniform and repio<lucib!e morphologic a I/cvioto^ic a 1 
criteria have to be published mote extensively, and a tr.iininc sri 
of slides should be available. By ihe use of Internet technclogy, 
this could be more easily fnciliinieJ |?8), 

|r) The coirelaiion of sputum atypia and hist olopica) 
-changes in ihc bronchi in hiiih-tisic population is rioi well 
defined. 

(t!) TJ)e naiuial course of pieim ysive changes in il>e bron- 
chi ft cm (he high risk subjects needs lo be clarifieil thuMigh 
longitudinal, prospective studies with icfeicnce to histological 
changes in the bronchi. Onuoine longitudinal studies with llu- 
orescencc btonchoscopy and multiple biopsies with hisrolOf.'y 
and t>ihei biuniarkeis will ilefine the ability of the;;e niatkeis lo 
assess for risk. 

(r) What i.s the paiholcmv/'bioK'',i:y of iht- Mnail, often pc- 
riphetnlly tocaied, inmc>rs (3 mm in dtanieietl. witirhare moTC 



often diagnosed with newer radiological techniques (e,g., low- 
dose spiral CT)? 

(/) Optimization of the tissue procurement and processing 
techniques are important. Distinction of reactive from neoplastic 
processes is usually straightforward, but diagnostic difficulties 
may arise in the case of (a) irwdequate or poorly prepared 
histological material to evaluate and {b) Ihe presence of cyto- 
logical atypia in epithelium, stimulated by inflammation, viral 
infection, radiation, or chemotherapy. 

ig) DNA array analyses of gene expression: will it be 
useful? How to collect proper nriRNA? Can mRNA extracted 
from microdissetted cells obtained at bronchoscopy be globally 
amplified and still remain representative of RNA present in situ? 

Biology of Lung Carcinogenesis and Poteulial Early 
Detection Markers. 

Lung cancer is the end-stage of multiple-step carcinogen- 
esis, in most cases driven by genetic and epigcnetic damage 
caused by chronic exposure to tobacco carcinogens. The genetic 
instability in human cancers appears to exist at two levels: al the 
chromosomal level, including large scale losses and gains; and 
a I the nucleotide level including single or several base changes 
(29). Lung cance'rs harbor many numerical chromosomal abnor- 
malities (aneuploidy) and stmctural cytogenetic abnormalities 
including deletions and nonreciprocal translocations (30). At 
least three classes of cellular genes are involved: proto-onco- 
genes, TSGs, and DNA repair genes. Oncogenic activation of)en 
occurs via point mutations; gene amplifrcatidn, or chromosomal 
rearrangement, whereas TSGs are classically inactivated by the 
loss of one parental allele combined with a point or small 
mutation or aberrant melhylalion of a target TSG in the remain- 
ing allele. Additionally, dysregulaled gene expression (either 
increased or decreased expression) can occur by other, as yet 
unit no wn, mechanisms (30). Present studies have not yel con- 
firmed a prominent role for abnormalities of DNA repair genes 
in hmg cancer. 

Preneoplastic cells contain several molecular genetic ab- 
nomialities identical to some of the abnormalities found in overt 
lung cancer cells (Fig. 2). These include allele loss at several 
loci (3p, 9p, Hp, and I7p), myc and ras up- regulation, cyclin Dl 
ovcrexpression, p53 mutations, and increased immunoreactiv- 
iiy, bcl-2 ovcrexpression and DNA aneuploidy (31-33). Allclo- 
typing of precisely microdissecled. pieneopJastic foci of cells 
suggests that the earliest changes in Ihe bronchial epithelium is 
allele Joss at chromosome regions 3p, then 9p, 8p, 17p, 5% and 
then ros mutations (36-3?).Thc biological meaning of LOH is 
only va^jucly understood. Recent evidence suggests that LOH 
may be a consequence of mitotic lecornbinaiion, thai there is 
only infrequent physical loss of genetic loci, and that LOH 
ptobably precedes chromosomal duplication (^0). Allelic Ic>ss 
would thus be significant primarily in the presence of mutation 
in the leiained allele, and gene dosaye would not be expected to 
c.\erT a phenotypic effect in LOH. Some reports have indicated 
ihai nj.i activation occnis at early caicinoma stages (3^)). His- 
lolfriiicatly normal honchial epiiheliuni ailjacent to cancers has 
:\V:m been shown to have certain genetic losses. .Atypical ade- 
noma totis hyperplasia, (he potent i:tl pieruiK*? lesion u( ndeno- 
rarciiH^ina.':. (tfieir have Ki-rn.^ nuiiations ('11). 



Cfinical Cancer Research 



Intermediate 



Late 



: £ . : : ^ 













Normal Epithelium Hyperplasia 
3p LOH/Small Telomeric Deletions 



Dysplasia 



CIS 



Invasive Carcinoma 



' Zp LOH/Contiguous Deletions 



Microsatellite Alterations 



9p21 LOH 



Telomerase Dysregulation 



Telomerase Upregulation 



MYC Over-expression 



8p21>23 LOH 



Neoanglogenesrs 



Loss of Fhit immunostaining 



p53 LOH 



rP53 Mutations 



- 80% 
-50% 
-70% 
-80% 
-60% 
-80% 
-40% 

- 40% 

- 70% 
-80% 

100% 
30% 
20% 

Fig. 2 Sequential changes thjring ivng. cancer paibotjencsis. Although mulripjc genetic markers ore abnormal in lung cancers, I heir appearance during 
the lengthy jneneoplostic process varies. The liming of the appearance of these changes has been investigated in bronchia) prcncoplasia, because 
sequential sampling of the peripheral lung is technically difficiilt. Several altvrations have been described in hisiologically normal bronchial epiihclium 
of smokers. Other changes have been delected in slightly abnomiD) epiihclium (hyperplasia, metaplasia) which we do not consider lo be tnic 
prcmalignant (csions. These changes are regarded as eaily chattges. Molecular changes delected frequently in dysplasia are regarded as iniermcdiaie 
in liming, whereas those usually defected at the CIS or invasive stages are regaidcJ as laic changes. Jt should be stressed thai although il>cre is a usual 
order, exceptions regaiding the timing of onset may occur. Some changes are progressive, such as chron)OSome 3p deletions. Thus small discrete 
changes are present eatly. progressively become more extensive during pathogenesis, and frequently involve all or almost all of the arm in CIS 
samples. Although allelic loss at the TP53 locus may precede the onset of mutations, data on this sequence ate scant, Dysregulation of the RNA 
component of tclomeiasc (wiih its appearance in nonbasal cells) is an early event, whereas up-regulation of the gene is a lelaiivcly late event. 
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Moicciil.nr ch:iniie.<; have been found not oi)ly »n ihc lungs 
of pnlicnts with lung cancer, but yl.^o In the litnus of current ;md 
former smokers without lung carjcer (IS. '12, 43). These obsci- 
votions are constsient wjih the niuhisicp model of caicinopeii- 
csis and ' field r ancotizaiion" process, wheieby the whole iCjL'ion 
is icpeatctJty e?L posed to carcino>if nic damage (tobacco siiioke) 
amj i5 ai risk for developing muhiplc; separate, cfonally unre- 
lated foci of neoplasia. The widespicad aneuploidy that tKrctus 
throughout the respirator)' tree of smc»l:ers suppoiis this theory 
('14), However, the presence of the same sornailc p53 point 
muiaiion ai widely dispersed picncopbstic lesions in n srnol:ci 
without invasive lung cancer indicates J hat oipansion vf a single 
pioeenitor clone may spread rlrioti^hotji the lespitaton' tree 
(45). These rnoleculat alieiations mij>ht thus be importam 
tarucis foi use in fhe caily detec tton of funi; cancer and foi use 
as s\iriog3tc biomaikcrs in (lie toilow-np of chemopjC\ cntioi) 



Studies. Detection of these muiani cells should be possible with 
the different moiecular techniques in accessible specimens. The 
prospects of diagnosini^ these biological nbnonnaliiies in mul- 
tiple types of clinical specimens are discussed below. 

Specimens for Clhticol Teifing: Spntitm 

Since rhc 1930s, cytologic a I examination of" sputum has 
been used for the diagnosis of lung cancei (46). Cytological 
oaininaiion of sputa, especially rmiltipte .samples, is helpful foi 
the detection of ccrrljal t\njiors arisinij: from the laiger bronchi 
{p.^., siiunmous cell- and small cell carcinomas). Hx foliated 
crlls fiovn pcriphcfal tutitots. such as adenocaicinomas. arisinc 
honi the smaiJer ainvays (small hi one hi. bionchioles, and alve- 
i>li). especiailv those less than 7 cm in diametei, can be detected 
only occasionally iir sp'Utum samples. This has beconte i>f 
•Mcalci importaiici- because ihe changes in cigrneite e>. position 
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(fiJters and decreased nicotine content) have created an increase 
in adenocarcinomas and a decrease in squamous carcinomas 
(47-49). The sensitivity of spuhim cytology for early lung 
cancer is only in the 20%-30% range from screening studies, 
but by adhering to proper specimen collectibn, and processing 
and interpreting criteria, the yield can be substantially imiwoved 
(50, 51). The data on ihc reliability of ihe spuhim are conflicting 
(52-54). Browman et al (52) reported inter observer agreement 
of 68% for exact and 82% for within - 1- category. Holliday et 
ol (54) reported low agreement within observers (27- 60%) and 
across observers (13-50%)- Within - I - category intraobserver 
agreement underwent a two- or 3- fold increase in agreement, 
■ which was also the case for interobserver agreement. The var- 
iation in intra- and interobserver agreement seems to depend on 
e^tperience among the cytotechnicians/cytopathologists and ihe 
composition of categories studied, A higher degree of agreement 
is obtained for higher grades of dysplasia (54), Risse el aJ, (55) 
showed that the ability to detect premalignani conditions is 
dependent on the number and type of cells present in the deeper 
airways, suggesting a mode of improvement that is unrelated to 
observer reliability, MacDbugall et a}. (56) concluded that spu- 
tum cytology was too insensitive and insufOcienlly accurate to 
be inchrded in the routine work-up of any patient suspected of 
having lung cancer. To improve the reliability of sputum cytol- 
ogy examinations a simplification of the diagnostic categories 
from .6 (normal; squamous metaplasia; mild, moderate, and 
severe atypia; and carcinoma) to 2-3 categories have been 
proposed (54). Future clinicopatholoeical studies will be re- 
quired to validate this concept. 

To irhprove the sensitiviry of sputum examination as a 
population-screening tool for Ihe detection of early lung cancer, 
seveial approaches are cunently under development. 

Immunoslaining, Annual sputum specimens obtained 
fiom individuals screened at Johns J-lopkins were obtained, and 
the patients were monitored for 8 years 1 57). Because the 
clinical outcome of these patients was known, archival spuiuin 
specimens were screened for the presence of biomai leers that 
could indicate ihc presence of lung tumors in an caily, preinva- 
sive stage. In an attempt to dislinauish the pattern of marker 
expression Tockman et al. (58) studied two monoclonal anti- 
bodies. Posliive staining predicted subsequent ]nny cancer ap- 
pioximately 2 years' before clinical lecoeriiiion of ilie disease, 
with a sensitivity of J>I% and a sperificirv' of 88% (58). One of 
these antibodies (703 04) had a higher sensitivity and was later 
identified ns recognizing hnRNP A2/B1 (59). The 'loie of 
hnRNP A2/BI ovciexpression for dctccfinu preclinical lung 
cancer has been studied in a large hit^h risk populaiion liu linling 
6000 Chinese tin miners who were tie aw smokers and who had 
an exiraordinon' rate of lung canccf \(A>). 7 he results (rum. rlii.*; 
study indicDteil that deiecrion of hnKNP A2/Bt oveiexpies.^ion 
in sputum epithelium ccHs was 2- lo 3 fo)d more scnyiiivtr for 
detection of lung cancer than stnndaid chest ^ ray ^ud sputum 
cytolog>' methods. The mcihcKi was particularly etfecn've in 
ideniif)'ine early disease (60). The Koshivity wa.<; 7-1% rrr.wM 
21% tot cytology and 4?% for che$i .'^-ray. However, the 
biomaiker had a iowei specifrcrty (70%/ t ompaicd u ith tyiol- 
ocy (100%) and chc.<;i radiograph (!?0',y). An onj:'oioi? elinical 
trial is evaluating the performance o( the a2'B1 proicin ab a 
biornarkci ff>i ihc early dc lectioir oI SPl.C. 'Ihe pal tents ;ii ti:.k 



for SPLC have the highest incidence of lung canter (2-5%) 
among asymptomatic populations (6J). In this trial, 13 SPLCs 
were identified by A2/B1, and the sensitivity and specificity 
were 77-82%. and 65-81%, rcspeclivcly. Ambrig the case? 
, identified as positive by hnmunocylochenustry and image cy- 
tometry, 67% developed SPLC within J year (62). Whereas the 
previous immunocytochemistry studies on material from ihe 
older screening material f^om the NQ-supporled screening 
studies were made on sputum cells c3rtologicaIly classified with 
moderately or gravely atypical metaplastic appearance, the latter 
studies have been done on cytologically.. "normal appearing'* 
cells. More recently Sueoka et ol. (63) reported the confirmation 
of the value of over expression of hnRNP A2/BI to detect 
preclinical lung cancer in Japan. Efforts to itnpirove the sensi- 
tivity of hnRNP markers arc ongoing (64). , 

J*CR Techniques. PCR techniques have been used for 
the evaluation of molecular biomarkers for early , hing cancer 
detection. Jn a pilot study with selected patients from the Johns 
Hopkins Lung Project (JHLP), 8 (53%) of 15 patients wiU) 
adenocarcinoma or large cell carcinoma were detected by mu- 
tations in sputum cells from I to 13 months before clinical 
diagnosis (65). However, the method seemed to be less sensitive 
than the protein marker described above, and the identification 
of specific gene abnormalities is further limited by the need to 
know the specific mutation sequence with which to probe the 
sputum specimens. Current ly, this approach is not practical for 
screening undiagnosed individuals. Future advances in gene 
chip technology may permit testing for all possible mutations of 
common oncogenes and TSGs in clinical specimens of asymp- 
tomatic individuals (62). 

Microsatellite markers are small repeating DNA sequences 
found in (he noncoding regions of a gene. PCR amplification of 
these repeat sequences provides a rapid method for assessment 
of LOH and facilitates the mapping of suppressor genes (66, 
67). Microsatellite alterations are extension or deletions of these 
repeated elements. Detection of microsatellite alterations in 
histological or cylological specimens may facilitate the detec- 
tion of clonal preneoplastic or neoplastic cell populations. Al- 
though the detection of miciosatellite alterations does not indi- . 
cate the specific genetic change in the t^imor, detection of clonal 
cell populations might ser^'e as a cancer screening marker (65). 
Identical alterations have been found in lung cancers and cor- 
responding spurum samples demonstrating minimal atypia (68). 
The pJ6 gene is located on the shon arm of chromosome 
9(9p2l) and is frequerrlly mutated or inactivated in nimois a;Kl 
cell lines derived from lung cancer (69, 70). BeJinsky et nl. (71) 
measured hypcnneihylatjon of the CpG islands in the sputum of 
Iiirjg cancer prttienis and demonstrated a high coriebtion with 
early stages of jton-small cell hnig cancer, which indicated that 
pJ6 CpG hypernrethylatron could be useful in the preiliciion of 
future Jung cancer. However, pio.spective studies are needed to 
evaluate the role of pi 6 hypemieihylaiion as a maiker lor early 
lung cancer detection. Multiple other ger>es are inactivated by 
hypernrethylation in lunif cancer (72), and the detection of 
hype) nicihylai ion may be use fid t or r isk nsses.Mucni and eaily 
dlagiM>si.<;, 

Coinpiitei -assisted In»D«e Analysi.s. Compiitrr- assisted 
irnaiie aualysi.'; was initially tiscd to delect inaJiLrnancy. assocr- 
aied changes ie.^., subvisua) Of nonobviou.*; chan|:es in the 
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distribulion of DNA in ihc nuclei of histologically normal cells 
in the vicinity of preinvasive or invasive cancer; 73). In a 
retrospective analysis of sputum cytology slides, malignancy- 
associated changes alone conectly identified 74% of the sub- 
jects who later developed squamous ceJI carcinoma (74). The 
technique has been improved, and recent data showed sensitiv- 
ities of 75% for stage O/I lung cancer and 85% for adenocarci- 
nomas with a specificity of 90% (75). This quantitative micros- 
copy technique allows the examining of thousands of cells per 
sh'dc withm a relative short tiine. Similar techniques have been 
approved in the United States for cervical cancer screening, and 
: might, in the future, play a role for hmg cancer screening. 
However, no prospective clinical studies has evaluated this 
technology in a larger lung cancer screening setting; 

High Tbroughpuf Technology. With future advances in 
^ene chip, technology, it might become feasible to probe for 
expression of multiple genes in sputum specimens of asymp- 
. lomalic individuals. However, this requires a large amount of 
undegraded RNA from respiratory tract cells. With the high 
throughput technology, a higher sensitivity might be achieved 
by using multiple markers at the cost of achieving a lower 
specificity, which would be undesirable for a screening study. 

In conclusion, we need to reevaluate the role of sputum 
cytology for screening and early detection of lung cancer be- 
cause of advances in biomarkers and technology. Ongoing stud- 
ies with standard and biomarker analysis in high-risk groups 
might change the previous negative attitude and provide a new 
perspective on spunim cytology as a mass screening loo! when 
applied in a high-risk population. Adding different molecular 
diagnostic tesls gives the possibility for early dingnosis far in 
advance of clinical presentation. However, validation of the 
tests in larger prospective studies is riccessary, and the individ- 
ual tests have to be compared wiih each other to define the role 
of early diagnosis in the overall management of high-risk sub- 
jects. Funhermore. health economic issues have to be consid- 
ered. 

Specimens for Clinicol Testing: BAL 

BAL involves the infusion and rcaspiralion of a sterile 
saline solution in distal segments of the hmg via a fibcrophc 
bronchoscope. Ahrendi et a}.. (76) e.xamined a se»ies of .50 
resected non^SCLC rumor patients and compared the tumor and 
BAL with regard to molecular inaikcrs including p53 mutations, 
K-ras muiaiion, the mcibylaiion starus of the CpG island of the 
pJ6 gene, ai>d microsatelliie alterrtiion (Tables 1 and ?). With 
the pos.S)ble exception of ihe test for microsatelliie aJieiation, all 
of the tests had relatively hieh sensitivity and couhl detect 
mutant ccll.s in tho pieseufc of a laigc c>ccss of norma I eel),':. 
The frequencies of these rhrmgcj in the rumors ranged from 
27% (for K rns mut:!ttL»n.^) lo 56% (for pS3 mntntions). As 
CNpeclcil, p53 muiaiioni; nctr rnoic frequent in cenir.Tl (piedom- 
inantIy-5qunmous cell) tumors, und K-rns mutations were niOfC 
frequent iit peripheral iprcdominrmily adenocarcinoma) tumor .s. 
The spcciftriry w;is hiu'h (iifajly 100%) brcairse. with thp ex- 
ception of microsatt liite .iliernnon?. the saint- genciio ch.ifjgt* in 
BAI. sample a.*: in njinoii w.-is always foimd. bui ihe sensiiniiy 
was tow, and in only y^K\> of tumors that lontaint" J molecuJni 
lesluirs wcfc the snmc abnoinialitie.*; deiectefl in (.'nne.'ipoijdiiip 
BAL fluids. Specincnlly. rhr rests were least helpful in rhc 



group of patients in whom improved diagrwstic abilities are 
most needed, those with small, peripherally. located tumors (77). 
Unfortunately, the investigators were not able to compare Ihe 
molecular tests with routine cytopatbological analysis of the 
BAL specimens. The sensitivity of the molecular tests in BAL 
specimens has to be improved, and we need to know the results 
from subjects ai increased risk (current and former smokers 
without lung cancer and survivors of previous cancer of the 
upper respiratory tract) and subjects with chronic lung diseases 
as well as results from healthy never smokers. 

■ A European group has previously shown that generic al- 
terations detected in DNA from bronchial lavage of individuals 
with lung cancer were also found in individuals with no evi- 
dence of malignant disease (78), which raises the question about 
the specificity of such molecular damage in neoplastic condi- 
tions. To improve the sensitivity and specificity of detecting 
allelic imbalance in lung tumors, high throughput PCR-bascd 
microsatellite assays have been established (79). In a recent 
study by Fielding et al (80), the up-regulation of hnRNP M/B\ 
was found to be a promising marker in BAL for the defection of 
premalignant and malignant bronchial lesions with a diagnostic 
sensitivity of 96% and a specificity of 82%. 

)t is too early yet to niake conchrsions as to whether BAL 
examinations will add to other pathological/molecular biologi- 
cal clinical studies. To obtain diagnostic material for BAL 
bronchoscopy is required, and we do not have any data that 
compare BAL examinations with biopsies. Thus, we do not 
know whether BAL is a valuable adjunct (o the biopsies taken 
under the same bronchoscopy procedure. 

Specimens for Clinical Testing: Peripheral Blood 

For many years scientists have searched for a lung cancei- 
specific rumor marker that could be detected in peripheral blood. 
Optimism was raised in the "early" immunocylochemistry era 
by ihe use of monoclonal antibodies raised against rnore-or-less 
specific cpithehal epitopes. In the search for epithelial cells in 
peripheral blood and bone marrow, monoclonal antibodies 
against cytokeratin have been used. However, these reactions 
are clearly not cancer-specific, and some antibodies have been 
shoA\7i to cross-react with normal blood or bone manow ele- 
ments (81, 82). Another explanation could be that cells fioin the 
macrophage/nronocyte sysletr) may contain proteins derive il 
from the primary tumor that have undergone . necrosis and 
apoptosi.*: and that these processed proteins are recognized by 
the antibodies f82). On the basis of "traditional" immuniKylo- 
rhemistry. no markers hrive been able to delect premalignant or 
early-malienant disorders based on a peripheral blood sample. 
However, with the ticvclopmcnt of DNA technologies, new 
possibilities have been raised, and, with the use of PGR icch- 
tMqu(\s. st)rne promising reports h.^ve been published. 

N.^rl0prnm quantities of DNA circulating in blood arc pres- 
ent in healthy indivrduals (83, 84). Tumor DNA is also released 
into the p!;isina component trr iirerenscd quartriiles (SS, .S<.>, 
Ihirs. the plaspua and serum of cancer patients is emirlied \u 
DNA, an average fotrr times the amount of free DNA as cturr- 
pared u iih normal controls 1.87). tn :( study by Chen ct nl. |S.S>. 
a eomp.-irt.son of microsaicDilc alterations in tumor and phisma 
DNA w:.s done in SCLC patient.^, ond 93% of the piiiiepic w wh 
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Table J Tissues and other i esourccs for ibc study of molecular markers 



Specimen 



Ref, 



Comments 



Tumor tissue 
Sputum 

Sunogale organ 

Bronchial brush/wash 
Bronchial tissues 

BAL fluids 
Blood components 

Tissue for molecular staging 
Tumor col) lines 



Numerous 



65, 68. 71, 74 



14 L 142, 143 



42, 43, 45, 144, 145 



76, 78, 146, 147, 148 



72, 92, 149 



150, 151 



152, 153 



Coliures i>f nonmalignani Tissues 15^. 155 



Nonmalignant lissm; ^rom parienis 
and from cancer- free iclaiivcs 



156, 157. 15S 



Mixture of cell types, may require microdissection (139). Extensively used 
for roost studies. Alcohol- fixed fine- needle aspirates may be used for 
mutational arid other studies. 

Respiratory cclb usually in small minority. Most samples fixed in. 
Saccomanrw's faative. Several smdies have been perforrncd on these 
specimens many years later. 

Predominantly squamous epithelial cells. Buccal smears, Itfushirigs of 
tongue or tonsil may be explored as potential surrogate organs resulting 
from the frcM effect of tobacco damage of the entire upper .. 
acrodigcstivc tract. This concept r>ceds to be confirmed. 

Predominantly respiratwy cells. Fresh, frozen, or alcohol-fixed samples arc 
suitable for multiple studies including FISH." 

Usually from bronchial biopsies, but may be obtained from surgical 
resection specimens. FomraHn fixation and paraffin embedding required 
for histological diagnosis, although EASI preps rrray permit 
identification and isolation of subpopulations. Paraffin sections may be 
used for gerroiyping pplyrnorphisms, for allelotyping, and for in situ 
hybridization. 

BAL fluids arc useful for examining the peripheral airway cells, which arc 
ihe precursor cells of rrrost adenocarcinomas. Wumerous mononuclear 
cells present. Enrichment of epithelial cells desirable. 

Analysis of circulating tumor cells and genetic material shed by dying 
tumor cells into the plasma component nwy yield useful biological and 
diagrwstjc information. Gtnc mutations and presence of epiibctial cell 
markers have been used to detect circulating tumor cells. Gene 
mutations, allelic loss, microsatcllitc alterations, and aberrant 
methylation have been used to iJcrttify tumor cell DNA released into 
rhe fluid compartment. 

Although little data exists for lung cancers, regional lymph nodes, sentinel 
lymph nodes, and surgical resection margins have been used in other 
rumor t>'pes for molecular staging. 

Provide an unlimited sclf-replicaiing source of high-quality molecular 
reagents and have been used for numerous studies. Cell lines may or 
may not reflect the properties of the tumors from which ihey were 
derived (26), although ihey piobably rtpiesent cellular subpopulations 
(27). Aggressive metastatic rumors aie more likely to be .successfully 
cultured (28) lesulting in .".ktned data. 

Epithelial ciiltuies may be useful for studying molecular changes during 
multistage pathogenesis. Temporary as well as a few jmmortalizcd 
cultures from nonmalignani epithelial cells have been established. 
B-lyrnphoblasiord cuhuies arc useful for linkage analysts, for genetic 
suspcctibihry studies, and for allelotyping coi responding tumors. 

Tissues such as buccal smears, tumoi-fice lymph nodes, and pcripheial 
blood mononuclear cells arc usctul as contiols for linkage analysis, for 
genetic susceptrbiliiy studies, and for 3lIclor>'ping corresponding tumors. 



"FISH, nnorcscciKC in .\iiu hybridization; EASK rpiihrlia! aggrcgolc separ.ition and r.'iolation. 



niicrosiitctlite ahorations in tumoi ONA :ilso had modilK'ation? 
in the plasma DNA. However, sotne paiifois hsd I. OH only in 
the rumor DNA. Becati^e mor-t of the miciofatcllite alter aiions 
were similar in rumor DNA and plasma DNA. they cvjncludeJ 
thai ."^ome of the DNA ciiculaiing in. the blood comes from the 
tumoi. ThiiS; modification.s of cirnrlating DNA can be U5cd as 
an catly dr tec lion rnajkcr. Detection of abenani DNA methyl- 
ation in scrum DNA in patients with non-.SCI.C has been 
reponeii (12). Alihonfih the (Uimlx't of patient^ wa.v r-mall and 
the hvpei methylated DNA was toumJ in all staee^. it opens up 
foi ilto possibility to tx- used as an eaily tun^i canrci deieeiion 
marker, rmiheimoie. pi^J antl tns Gtrre rriuialions have been 



detected in the plasma and serum of patients with coloiecial 
cancers (89-91), p.meieaiic carcinomas (92, 93), and hcrrrato- 
logical malignancies (94). 

In conclusion, the limiied diieci accessibility of lung car- 
cinomas has led loeffoits to identify idmor- associated soluble 
markers in serum oi plasma. Many of the curteniJy recofjnized 
solnble markets were fnsi identified as "tumor ' markets but. 
when evaluated in nonneoplastic tissne, have often been found 
in nonnal cells as welt as in lumOis. For early deteciion of lung 
carreer, we r>eed more clinical data ev:ilualing these new molec- 
ular biological markers from multiple sites, especially in hi^jh- 
risk croups. 
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Table 2 Molecular approaches for lung investtgaiioft 



Specimen 



Ref. 



Commem 



Ger»c. mutations 



Allclotyping 



Gene e?Epiession si RNA 
and protein level 



159, 160, 161 



J8, J58 



145, 162, 163, 164, 165, )66 



Molecular cytogenetics 



Comparative genomic 
hybridization 

Morpbometric studies 



40, 167. )63, 169, J70 



171, »?2 
74, 173, 174 



Widely wscd lechmqiut, especially forpJJ and ras genes: Oficn used 
to dctcnninc the rWc of a Dcwiy discovered gene in the 
pathogenesis of hmg cancer. May be of diagnoshc and prognostic 
significance. Multiple methodologies available. . .. 

Useful as a partial substitute for mutational analysis and for 
deicrmbbg the chromosomal locations of putative tumor 
suppressor genes. Widely used lo study muJlistagc pathogenesis. 
Readily perfonned on fortnalin fixed.and microdissecled tissues. 
Increasing use of genotyping using autc»natic sequencers. 

Northern blotting and reverse transcription- PCR are widely used to 
rnvcstigaic gene expression. Wcslcm blottmg often used for . 
detection of protein expression. Jn situ hybridization for message 
expression can be pcrforined on paraffin-ernbedded tissues and, 
thus, can be used to investigate multistage paihi^cnesis. 
Microarray techniques offer promise of examining all or most of 
the genome but currently require relatively laigc amouiit of high-, 
quality RNA from purified cell populations^ Sage technique useful 
for investigation and identification 'of expressed genes. Similarly, 
advances in protcomics will permit simultaneous detection of 
multiple proteins. Numerous immunohislochemical studies of 
. oncogene expression have been used to study multistage 
pathogenesis. Of particular interest, hnRNP expression on 
exfoliated epithelial cells in sputum samples may predict for 
development of cartcer. 

Jn sint hybridization studies of fixed materials or using smears has 
provided considerable information about numciical and structural 
changes. 

Useful for dcicciioh of gene amplifications. Less sensitive for the 
dcieciion of regions of allelic loss. 

May be applied to paraffin-embedded tissues. Useful for determining 
aneupJoidy and for measuring a number of nuclear and 
cytoplasmic parameters. ' . 



Specimens for Oinicnl Testing: Bronchoscopy 

WLB is the most commoiily used dioynosiic too) for ob- 
taining a definite histologic:d diagnosis of hmg cancer. Bron- 
choscopy has majoi dingnostic limitations for pjenialignant le- 
sions. Because these lesions ate only a few cells thick (0.2-1 
mm) and have a suiface diameter of only a few millimeters, they 
rarely are observed as visual abnormalities. Woolner (95) re- 
ported that squamous cell CIS was visible to experienced bion- 
choscopisis in only 29% of cases. To address this limiiaiion, 
fluorescence bronchoscopy was developed.. Early studies of 
fluoiesccncc bronchoscopy entailed the use of fluorescent di^jgs 
(hemaloporphyrin dyes) that were preferentially retained in ma- 
lignant ti.ssue (96). Although, studies evaluating this approach 
did. in fact, show that early invasive nnd in situ cancers could be 
locall2ed, the dctctiion of dyspjasia irniaim-d problematic (97- 
100). l-nrthemioie, the development of phoiodynnmic diagnos- 
tic systems was hampered by problems i minding skin photo- 
scns)li7)tig and inter fere uce with tissue nuiotluorescence. To 
overcome these problems, a new laser photodynamic diagnostic 
.system was dcvelopc.I (101). Ibis system detected rumor- 
spec ific drug lluoiesccnce at 630 nm w.ivelengih which is fai 
horn norma) tis.sue autonuore^cencc (^OO-.^SO nin), and inter- 
fere iice bv auli>!luorcsceuce tiom noini.-t! tissue should then 
have been climinaied^ bur it remained a .^i/;^l^)C^nl problem 
(102). 



Another appibach was developed by Palcic el ol (103), 
who noticed the lack of autofluorcscence in the tnmor lesions by 
using blue light (442 nm) rather than while light lo illuminate 
(he bronchial suiface. They amplified the difference in autofiuo- 
rescencc between nminal, piemalignant, and nirnor tissue for 
clinical use (103, 104). Using a high-qualify-charee coupled 
device and special algorithm, the lUFE was developed, laking 
advantage of Ihe principle that dysp)astic and malignant tissues 
reduce auiofluojcsccnt signa)s compared with normal tissue 
(Fig. 3). 

Several studies have been performed comparing Ihe dtag- 
nostic specificity and sensitivity of LIFE bronchoscopy venus 
W1.B in diagnosing preinvasive and catty- invasive lesions 
(105-109; Table 3). Most of the studies reported a higher 
diagnostic sensitivity of LIFE bronchoscopy in the detection 
premalignant and ear)y-ma)ign:)nl lesions at Ihe cost of lower 
specificiiv {i.e., inoie false-positive resu)ts). Ir> most of these 
studies, lesions with moderate dysp)asia or worse were the taiget 
of the study and lated as '•positive." T)ie prev;derice of prein- 
vasive and ear)v )ung cancer varies widely from one study to 
another, from 20.2?^ (105) to 63.8% (102). The explanation 
rrnghi be beyond ihe lisk profile of genetic vaiia lions or differ- 
ent levels of experience among ihe endoscopi:;is as well as ihf 
pathologists involved. Fnrihennore, there seem.', to be o iiaiiiing 
effect in using ihe LUT: bronchoscope, whiefi has been demon- 



14 Review: Advances in Ear)y Detecljon of Lung Cancer 






Fig. 3 A, nornial WLB and normal LIFE bronrSoscopy. B, WLB sfuws innammaiory changes in ibe bronchial mucosa bui no suspicion of 
malignancy (/p//). LIFE bionchoscopv shows JiCfuic reJuccd auionuoicsf cncc (visualized by diffuse reJ-hrov^nish coiorizoiiorr. inrows). Biopsy 
demonslralcd diffuse severe d\*5p)asia. , * 



s»raJed by Venmans ci al. ( J 07). In ihcii srinty, ihc dini>no5ric 
sensiitviiy incicnsed honi f>? to 80% when comparing the fust 
and fhe second half of ibc study. The use of the LIFE device in 
conjunction wiih WLB improved rhe de lection lyte of preneo- 
plastic lesions nnd CIS significnnHy ('I nble 3). Knrle ef n/. 1 106) 
looked for more subilc ri5.sue tran.sfonnntion. hut their study 
inchidrd few pjiicnrs ujtJi iDudeiaie dYspla^'i.'i oi worse. No 
improvement in ihe ev:dn;iiion of merrjplasin indent wns ob- 
served by d)c use of LiFH bi one hose opy. Thus, differences in 
the smdy popnLdion mifhi ejtpiain ihc different cont lnsion. 
Theie are still no clinicaj studies with sufficient long-term d.ii.i 
showing Ihni moderate dysplasia jc> the mosi lelevnut clinicni 
piedictoi of evenmal malienaijcy. Limii.itifns m making con- 
clusions from I be exist; ml' siiuher; arc also ihe potential meth- 
odoloi;icaI bias relatetJ to the order in which ihc different bion- 
chc>>eopy pioreduies -.m- dene ;md ivhrihrr ilu- rarnr e.xai/iinei 
has perfoimefl both prof riion's. ::ddrtss ihe.-jc issues. :i 



prospective randomized study between LJI-l: h( on chose opy and 
WLB was done al the University of Colorado C'imcet Center. 
The study design included a randomi2ation with regard to the 
order of procedure as weW as ihe order of ihc individual bron- 
choscopisi (109). The order of the procedure and 0/ the indi- 
vidual bronehoscopisi did not affect ihe resulis. 'Ihc study also 
deruonsiraied a sicnifrcanily hi|:ber sensiiiviiv in deieetntg pre- 
malignant lesions visualized by the LirH. but yi ihe cost of a 
lower specificity (JOy). The reason for the low diagnostic spec- 
ificity fonnd with the LIFE bronchoscopy ij> the different snrdies 
might be attributable to the vi5(»ali7aiion of rrrore abnormal foci 
wirh the LIFJ: bronchoscope, with ihe conser|t)rnce that a laigei 
miiubei ol biopsies wcie taken and. thus. iIk tc u as a hicher risk 
td' more fnlse positive results. 7he u.*,e rd Mi l; bH'Mchiwopy 
has led to ihe ideirtibcatioi) ai a new moipholitgH ;jl cjitity. ihe 
,ASD, which IS desoirbctl above. In a leceni moiphMlof.'ir :rl smdy 
nni'iodysplasiie changes wcie beijneuiiy found m pi ('neoplastic 
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Fig, 4 Scventy-OT»t-ycar-old man .with a spiculsr nodule in upper left 
lobe demonstrated on low- dose helical CT {picture), but not visible on 
chesi X-radiography. CT- guided biopsy showed adenocarcinoma. 



and eaily- malignant lesions in the bronchi (26). The morpho- 
JogicaJ entity has been confimied in preneoplasias among smok- 
ers, and the perspectives of this finding have been extensively 
discussed (110). The prognostic significance of this morpholog- 
ical entity is cunently studied in ongoing long-term follow-up 
studies. Future studies have to evaluate the role of ASD as a 
biomarker for early lesions and whether it can be used as a 
marker for treatment effect or therapeutic target for cheinopre- 
vention. 

The LIFE bronchoscope may play an important role in the 
screening and tbilow-up of subjects at high risk of developing 
lung cancer At this stage, however, it Is unknown whether the 
LIFE bronchoscope will lead to a reduction in lung cancer 
mortality. There arc also no data on cost- effectiveness and 
cost-benefil analyses available for this new diagnostic proce- 
dure. The use of the LIFE bronchoscope may also in the future 
be extended to other ir)Jications, eg., patients staged as having 
resectable lung cancer on one side. Whether LIFE bronchoscopy 
of the coniralatetal hmg will disclose nbnormatities, which 
would change the iherapeulic decision, is not yet icponcd. . 

Recent Athaoc es in RatJiology 

The previous NCl-sponsoied screening trials failed to dein- 
onstT.ife any reduction in the hmg canct-r moriaIjr>' by spntimi 
cytology and yearly chest radiography as mass scieening tools 
ioi hmg cnnccr scieening. Limit.ntions of design and e.xccution 
of the .<;tudies. howcvei, have bi*en discos.sed txichsivcly (3, 
III. 112). An eMended lollow-up (mctli.in. 20,3 yenrs) of the 
Ma)o Lung Pjojeci was recently pul^Iisheil (113). There wn.^ 
Still no dilTcfence in lung cancer mortality, between ihe inter- 
vention :inn and ihc control nrrii (4.1 ver.^u.s 3.9 draibs per l(>00 
persojr-vears). Mo\^'evei. ihe median sinviv;il for patieitts with 
icseried earJv ;:fage discair 16.0 in the inief.cniion 

nrm rcr.uo S.O yeais in the u*;ua) r:ne ;uin \F < y^S)':). I be i:;tiei 
tVidines have raised ihr quc:-tion :is lo nbctbt'i :-(.>rne ?nKill 
lesions with limited clinical fclc\';irife mv-w have been identit'ied 
in the iruenention ann, antj ibe fjuCMioii ol "ovfrdi;:L'ni'.sis'' \\as 
discu.^Sfd MI :u*ri>inp;in)iir^' t-dtKjfials M It) 



Mass screening for lung cancer has been pcifonncd in 
Japan for many years and has been performed in over 500,000 
. people in aboul 80% of the local communities (I J5). Sobuc et 
al (116) observed thai annual clinic-bascd chcsl X-ray screeir- 
ing for lung cancer in Japan showed reduced hmg cancer mor- 
tality by aboul one- fourth among individuals who. underwent 
screening once a year. In this screening program, Ihe relative 
odds ratio of dying fi-om lung cancer within 12 months vras 
0.535 and in the 12-24-monlb period was 0.638 (M7). How- 
ever, many studies have focused on the pitfalls in the detection 
of abnormalities by radiography (118-122). Tbfe limit of chest 
radiogi^aphic sensitivity for nodule detection is roughly I cm in 
diarncler, by which time the tumor has over lOt* cells and may 
already have violated bronchial epithelium and vascular epithe- 
lium. CT has been shown to be more effcclive in ihe detection 
of peripheral hing lesions compared with plain radiography or 
conventional tomography of the whole lung (123, 124). 

Spiral CT scan is a relatively new technology with the 
ability to continuously acquire data resulting in a shorter scan- 
ning time, a lower radiation eiiposure, and improved diagnostic 
accuracy compared with those of plain radiography (125-127). 
Spiral CT allows the whole chest to be imaged in one or two 
breath-holds, reducing motion artifacts and eliminating respira- 
tory misregistration or missing nodules. Although there is 
greater radiation e;(posure with CT than with chest radiography, 
low-dose techniques (lower mA of 30-50 compared with 200 
for conventional Cf) have achieved calculated exposure doses 
that are 17% that Of conventional CT and 10 times that of chest 
radiographs. Further reductioti in radiation dose while maintain- 
ing diagnostic accuracy is a topic of current research. Further- 
more, for the baseline screening, low- dose spiral-CT-scan i.v. 
contrast is not administered. Nodules as small as 1-5 mm can be 
sho^vn with modern spiral CT technology (25, 128). The obvi- 
ous advantages with this new technology led some groups in 
Japan and in the United States to look to low-dose spiral CTT as 
a tool for screening (Refs. 129-131; Tables 4 and 5). 

In a Japanese report, spiral C'f scans and chest radiographs 
were done twice a year in 1369 individuals (129). Peripheral 
lung cancer was delected in 15 (0.3%) of 3*157 ejt ami nations, 
and, among the 15 lung cancer cases detected, Ihe results of 
chesI X-ray weie negative in 11(73%), and the tumors were 
delected only by low-dose .'ipiral Cf. The detection rates of 
low-dose spiral CT and chest X-ray wcte 0.43% (15 of 3^157 
examinations) and 0.12% CI of .3457 c)( ami nations), respec- 
tively. Furthermore, M (93%) of the 15 lung cancers were stage 
1 disease. The histology showed thai II of the 15 lung cancer 
cases were atlcnocaicinonra. and -1 had stjuamous cell caici- 
noma. The effective exposure dose with spiral Cf scun in that 
study was calculated to about onc-si>th that of conventional CF. 

The EL CAP in New Yojk was designed to dctennine: {a) 
I be frecjuency with which nodules were detected; {b) the fre- 
(tuency with which detected notlules repicsent malignant dis- 
ease: and (f) Ihe frefiucncy with which malignant nodules are 
cnrahlc 1 131). fn ibc UUrAP srudy. ?' lung cancers were found 
among 1000 sidTjecis .screened. .Arnoiit? the 27 paijeni.'; v.'iib 
c.-inccF, S5% b:id stage 1 diseast- ( f.ible 

Another population- ba:;ed study on low.tlo.'ie Cl scifenirtg 
has been published by Sone c/ nl. tl30). rjsing a'rii<.»bile low- 
do;;e spiral CI sc:nujer. The dt irciinn rale was 0.-18% {i.e., ■^-5 
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Tables Bronch oscopy versus WLB in diagnosing premaligrianl and e?riy-ma]ignant lesions 



Author 



Sensitivity 



Specificity 



Predictive vah»cs 



Relative Reblivc PPV NPV 

No of L1FE+ sensitivity UFE+ spc;:ificily LIFE+ LIFE+ PPV NPV PPV NPV 

l^r^ ^ LIFE ^ UFeVA WLB LIFE WLB LIEE^WtB WLB WLB LIFE LIFE WLB WLB 



Lam et al (105) 
Kurie rra/.^CIOfi) 
Vcnmans et ol (10?) 
Vcrmulen et oL (108) 
Kennedy et al. (109) 



700 
234 
139 
172 
394 



0.6? 
NR 
NR 
0.93 
0.79 



NR 
0.38 
0.89 
NR 
0.?2 



0.25 
NR 
0.78 
0.25 
0.18 



NR 
L43 
3.75 
4.4 



0.66 
NR 
NR 
0.21 
03 



NR 0.90 

0.56 NR 

0.61 0.88 

NR 0.87 

0.43 0.78 



NR . 0-33 0.89 NR NR 0.39 0.83 

NR NR NR 0.16 0.81 NR NR 

NR 020 NR 0.14 0.99 0.32 0.98 

NR 0.13 0.96 NR NR 0.19 0.90 

038 0.21 0.85 0.25 0.87 . 0.17 0.80 



• PPV. positive prediclivc vaJuc; NPV, negative predictive value; NR, not reported. 

* Based on reference pathologist. 

' If invasive carciiwma is included. 



Table 4 Results from three population-based screening studies with low-dose spiral CT (LPCT) 



Authors 



Kanckoer ol (129) 
Sonc etal. (130) 
Hcnschke ct ai (131) 



No. of individuab 


True 


False 


Predictive 


Studied 


positive n 


positive" % 


value % 


1369 . 


J5 


15.6 


6.6 


•3967 


19 


5.0 


8.8 


ItKM) 


27 


20.1 


11.6 



Detection rate % 
LDCT . X ray Pack-yr 



0.43 
0.46-0.5. 
.2.7 



0.12 
0.70 



" Defined as indWiduals wiih "test- positive," in whom further workup gave no suspicion of malignancy. 
* The study also inchjded a group of nonsmokers. 
*" Average - 45 (not reported in the other studies). 



>20 
>30*' 
>10" 



Age inc), 

>50 
40-74 
>60 



Table b Ilisrology, stage, and size of primary long car>cer delected by low- dose spiral CT 



Author 



No. of cam cis/ 
No. icicencd 



Histoloey % 



TNM % 



Size (mm) 



Squam. Other I 11 IH IV Average Range <I0 



Kancko.cr ol ()??) 
Sonc ei oA (130) 
Hcnschke et ul (131) 



15/1369 tl.»%) 
19/5-183 (0.3%) 
27.'100O{2.7%) 



73 
63 
67 



i? 

5 
3 



32 
30 



93 
84 
85 



7 
I) 



12 
I? 



8-18 
fr-47 



4 
15 



' Adcno, adenocarcinoma; Squam., squamou.^ cell carcinoma; TNM, tumor-nodc-niciastasis. 
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cases per 1000 examinations). Surprisingly, there was rro dif- 
ference in the detection rale among smokers (0.52%) versus 
nonsmokcts (0.46%). The lesulis f;om the ihiee popubiion-. 
based studies are summarized in Tables 4 and 5. The conclusion 
from these studies js thai S.*>% of the lung canceis detected by 
low-dose CT were in,. Mage I, offcjing improved pos.sibilily for 
curative ireatmcnl and beitci prognosis in general. However, the 
issue of "false- positive" scans has lo be taken into consideration. 
Thus far. up to 20% of the participants with nodules on the scan 
bad no malignancy during the lollow-up period. The possibility 
that ihc cancels found rcpieseni incidental cancers as in the 
Mayo liirig Projeci must also be considered (1 M). The results 
from diese .Mudies confjrm the o.pcv raiion thai low- dose CT 
inc I cases die detection o( small noiu ak ifjed nodules and, dial 
Innj; cancer al an carliei and mi^ic curable stage aie detected. 
The mobile CI screen int; study by Sone ft nl (130) showed that 
low- do?; e C'l increased ihc bkriiliood uf dotcctton of mali^inanl 
disease 10 limcs n.^ compared n'iih ra.lioi.'iaphy. 'I lie overall inie 
of njalignant dj;.ea;e was lowet m ihe .bpanese studies (129. 
1 30) f otnpaicd with the 1:LCAP siudv t Kef. I? 1; detection rates 
0.43-().-K^% \r*,\w 'I his con Id be because (he .'apanesc 

.•studies scu'cned indiviilu;tl,s front ihc ^cnrial popuhttion .igcs 



40-74, whereas ELCAP screened people at high risk, ages S 60, 
with a tobacco history of ut least 10 pack- years. Thus, as 
expected, the risk of the population to be screened affects the 
rate of cancer detection. 

Questions remaining to be answeied include: {a) what aic 
ihc diagnostic sensitivity and speciikit)- of this procedure: and 
{b) does screening leduce lung cancer mortality? The spiial CT 
has not been as sensitive for small ceniial cancers as it is (or 
small peripheral cancers (129, 13 J). Minute nodules of lung 
cancer that are near ihc threshold of.deleclability may be over- 
looked at spiral CT scieeiiing (132). A pro.specrive study of the 
diagnostic sensitivity of spiral CT I):is lecently shown thai the 
diagnostic sensitivity exceeded the scnsitivitv- of convcniumal 
CT in previous reports (25). Mowevci. dieje were limitations in 
ihe deieciion of inirapulmonary nodtiles smaller ihan 6 mm and 
of pleural lesiorrs. Compaied with suijier\' (thoiacoiorny with 
palpation of deflated luny, rcscciion. and histolopy). the sensi- 
tivity of spiral CT was 60% for Intiapulinonajy nodules o( < f» 
mm and 9.^% for nodules of -^6 tiitn and \\as lOO';o foi neo- 
plastic lesions mm. Furtheimoie. a n parked flilleicncc in die 
sensitivities of iw'o independent observers was found for no li- 
nks sruallci than 6 mm^ whereas atircenuDl \v:is iinirb (irtirr (cm 
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6-10-mm noduJes (25). Given these promising preliminary clin- 
ical results, fijrthcr research is needed to determine ibe optimal 
technique for spiral CT screening, which includes colliroaiion, 
reconstruction interval* pilch, and viewine methods. Dtcreasing 
the slice thickness to 3 mm. monitoring the viewing of exami- 
nations, and computer-aided diagnosis have been used to im- 
prove the diagnostic capability of spiral CT in the detection of 
puhnonary nodules (133-136). 

Future large scale randomized studies have (o confirm 
whether in fact spiral CT screening will lead to a reduction in 
hing cancer mortality. In a randomized study, the following 
questions arise: {a) what is the optimal high-risJc group to study 
and what should be the coritroJ arm? (6) what should be the end 
points (goals) of the studies? The ultimate goal is to reduce the 
hjng cancer rhortaliiy. However, although this is a long- term 
goal, intermediate end points from such studies should be eval- 
uated. The change to more curable stages at diagnosis for the 
lung cancer patients is one such immediate goal; (c) what is the 
optimal workup and the morbidity of this program? {d) what is 
the cost, of such a screening program? and (e) what is ihe 
false- positive rate of ihc screening findings? Incorporation of 
smoking cessation programs should be included in the future 
design of screening studies because it has been shown that 
screening with low- dose CT in participants who are slill smok- 
ing provides substantial motivation for smoking cessation (137). 

The studies with spiral CT-scan have demonstrated the 
superior diagnostic ability in the detection of small peripherally 
located tumors, most of Ihe malignant ones of adenocarcinoma 
type of histology, the diagnosiic sensitivity of spiral CT for 
more cenirally located tirmors (mostly squamous cell carci- 
noma) is significantly lower than for the peripherally located 
ones. Through ihese spiral CT studies, we will learn about the 
biology, patholog>s and clinical course of these small tumors, 
which might be different from what we know about clinically 
more evident tumors detected routinely in pievious studies. 

Because hme cancer is so common, (he inlroductjon of any 
new screening technique in this area has to be underpinned by 
careful definition of the cost implications and must be justified 
by compelling evidence. The cos I- effectiveness of the. spiral 
GT approach should be a.^ses.sed by evaluating the rate of 
over-diagno.':lng nonmalignnnt, rclaiively common abnormali- 
ties and comparing CT imagine to other diagnosiic technologies. 

PET with FDG has leceoily emerged as a practical and 
useful imaging rncdalit}' in the preoperative staging of poiicnis 
wilb hrng cancer. However, whereas C7 is most frequently used 
to provide additional anatomical .nnd morphological information 
riboui lesions, the TDG PUT imaging provides physiological and 
metabolic infonn.nion thai characterizes lesions that are inde- 
tcmitnate by CT. I'DG PliT imaf.'ing tal^es advantage of Ihc 
increased accumulation of FOG in tiansfonned cells ;)nd is 
sensitive (-9^%> lor the detection oJ cancer in patients uho 
have indctenninate lesion.^ on CT (138). 7 he specific it)' {~S.**%> 
of PET iniaerni! ir, sliphily \c^s than its sensitiviK' because sonu' 
inHnmnKitcn' pi or r:.:cs nvidly .ifoumnbic FDG. Tbe high nee- 
;iti\T preilii ii\t* \':thip of PKT suiii/esis th;it lesions ronsidficd 
neeaiivr on ihc ;.tiuly :;rc bcnitin. biopsy rs .not needed. :;nd 
ia(liot:r:tpht( lollov-up is iccomm ended. .ScvtMal st\jdies havt> 
docutncKicd iht' tnt r cased ricniiacy of FFT conipaird with CT 
in Ihe cvnturtrion of the hil.ii and mt diastinni lyniph node status 



in patients with lung cancer (138). However, the PET rpsohidon 
is sufficient only for nodiiles ^6 cm and will not be heJpfiil in 
detecting the very strut II nodules. Compared with low- dose 
spiral CT, the FDG PET scan is more expensive and time 
consuming. The role of PET scan in early , diagnosis of lung 
cancer in an asymptomatic high-risk population is not yel eval- 
uated. However, firturc studies have to include PET evaluation 
define its role in a population screening setting. 

Conclusion 

Recent advances in molecular biology and pathology have 
led to a better understanding and documentation of morpholog- 
ical changes in the bronchial epithelium before development of 
clinical evident lung carcinomas. Combined with technical de- 
velopments in radiological and bronchoscopic techniques, these 
procedures ofTer great promise in diagnosing lung cancer far in 
advance of clinical presentation. Any of Ihese individual proce- 
dures could be incorporated into the routine management of 
individuals at risk for developing primary or secondary lung 
cancer, and for several of these methods, clinical studies are 
under way. Preliminary reported data are very promising for the 
early detection of lung cancer. Future studies must incorporate 
the different methods in a multidisciplinary scientific setting to 
evaluate the role of the individual method in the overall man- 
agement for individuals at high risk for developing lung cancer. 
Several of these tests might diagnose the disease at the stage of 
clonal e/pansion before invasive carcinoma has developed. A 
management and inlervention strategy appropriate to ihal stage 
of disease have to be developed. Preliminary snidies of chemo- 
prcvention agents are reported, and new agents based on other 
biological mechanisms are under development and ready for 
clinical trials. It is now time to plan clinical trials that evaluate 
both diagnostic and therapeutic approaches to access their im- 
pact on Ihe incidence of clinical lung cancer. 
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Localization of tissue inhibitor of metaUoproteinascs 1 (TIMP-1) iu humau 
colorectal adenoma and adenocarcinoma. 

a^feAodei^^ H^nsenO. BruaaeHV. l.lcmnnn M Nielsen BS . 

Tlie Finsen Laboratory, Rigshopitalet, Denmark. 
Tissueinhibuorofmatrixmetalloproteases I (TIMP-1^ 

n^atnx mefalloproteases and hereby prevents cancer invasion. However T MP. 1 1f 

Zs^rtL: H 1""?"^' " ^P^P''^^'^' induction of .alZa 

Sf rv^^H M We have previously demonsSted that 

nr^H W ^•^''^'^^'^ fr°'"«^'«^eetal cancer patients arid U,at high TIMP-1 levels 
pred.ct poor prognosis. To clarify the role of TIMP-l in colorectal tumoriines^s tie 
a orzTl'^:^ '^^^ -Hgn^U colorectal tuniorsTSiSl In 

all of 24 cases of colorectal adenocarcinoma TIMP-1 mRNA was detected bv in ^ hT' 
hybndrzat.on^Inall eaSesTIMP-I expression was found in fib rblasSe ctlSed at 

was seen ,n any of the cases in benign or malignant epithelial cells, in vascular cel^ or 
smooth muscle cells. Comparison of sections processed for TIMP- .nSvbSizaHon 
W.U. sections .mmunohistochemically stained with antibodies agaii TllS^P^sho^^^^^ 
good co.Te at,on between TIMP-I mRNA and immunoreactivit^ CombiXTIMP Hn 
cSsH^StZ""^ i-unohistochemical staining for alpha^sl^JlTc^'aTo? 
showed TIMP-1 mRNA m myofibroblasts but not in macrophages TIMP-l 

rss^^tTv^thS «^^.t"^-*«- P«'yP^ - tl,e adenoma'are'a: in^^c ses 
Ss^n tIp . ' the epitlielial-stromal interface. In 

explsTJ^^^ ^ '''^ •'^"'g" h'^-^ colon tissue but is highly 

expressed by myofibroblast m association with invading colon cancer cells 
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Localization of Tissue InW^^ 1 (TIMP-1) i,. Human 

Colorectal Adenoma and Adenocarcinoma 

^TheFinsenlMhoratory^'RigshopitalelDenTnaik- 
^9'''^ of Sw^gicol Gastroent^ohsy.Uniyenily Hospital IM^^ 



Tissue mbibitor of matrix mttaDoproteasts 1 (TBMP-l) inhibib 
prerents cancer farasJoD. However, TIMP-l also possesses othS 

0.^1, demo»stn,led that TIMP-1 is eleySted i, bbSdlfrom'X 
rectal cancer patients and that high -nMP-lla^J^t SSw' 
I^ognosB. To clarify the role of TbSp-I fa, coIoTSSToS 
^ the egression patten, of TlMP-1 in beni^ and 
crforectal tmnorswas studied. In all of 24 cKes of 
adoiocMXMjoina TO^-l mRNA was detected bj in siS^ 

cells located at the inrarive front bnt was seen onl, sporaSjS 
normal nrntosa. No TIMP-1 mRNA was seenin aiy rftbe^S 
bemjja or malignant epitheUal cells, in vascular «Ss ot 
Hv'JS'h' Comparison of sectionTprocessed for^™^ 
°" immtinohislochemically stained wS 

h^i,^ ?nd jmmunoreacUvitir. Combunng UMP-l in site 
hybridization with rmmunohistocbtmical staWg for oi-smwA 
mnsde acta, or CD68 showed TllviP.l nrHNA in m^Lsbr^bJS 



l«La!^1.tr '^'J metastasis is the 

such as the matnx metalloproteinases (MMP).'-^ Umier nbmial 
p^Iogic. conations the tissue degradSn/ aeuvife oJ™ e 

mhjbiion. tissue .nhjb.lors of metalloproieinases (TIMP). TIMP-f 
a 28 kDa gJocgxroteu, demonstrated to be present in most bodily 
'"^'^-'^^ inhibiu^MMPs in a l. J s.ochiLS 
mannei.3.^ Overexpress.on of TlMP-1 in various cancer modeU 
has shown a suppressive , ok in the malignant progiessi^ 
ever, as opposed to this anti-invasive lole of mip.j JC^^ 
r^cm smd,es have demonstrated quite different functioxL of 
MMP-,nh)bit<» mcluAng stimulation of cell growth maliX, 
lransfo,mat.o., .and inhibition' of apoptosis, suggestin- aT^sl^We 

7!f t™"-' '"'"^ early'^stages" ^fCon 
genesis.^ 'o Thus it has been speculated that TIMP-T may actually 
play a dual role m cancer progression and metastasis "^'"'"^ 

levels of 

MMP noRNA and proicm are significantly inoeased in various 
malignant diseases and that such MMP elevations are 001X^1^ 
wiU. c^cer cell invasion, metastasis and shon patient sut^ivapi , 3 

ilMf I mRNA and protein in several cancer types More- 
over, we and others have demonstrated that me'aLemen, of 
c».ased plasma levels of TIMP- J by immunoassay se^L as a 
suong marXe, for shon sva^iva) and lecwence of disrase in 
patients wim colorectal cancer.--.^ similaily, a snon- co rcTaUon 



Mween high protein levels and poor prognosis is known for the 
type.} plasminogen acbvator inhibitor a>AI^l)>/a Consideiin<r 
ttte protease inhibiting function of these inWbitora. these finding! 
ieuutsa conlroVeisial; boWevrt. allerailivft fiaHaians have beS 
rqiort^^ both foT TIMP-1 as mtotioned above as «Sl asIS 

In oidcr to better tmde,stand the lolc of TIMP-I hi colt^edal 

number of shtdies of the localizafion of UMP-I in colo^ 
cancer have been pobKshed; however, the results of tSe^S 
|^nje^a,contradi,tory.Newell and colleagues^ reportS 
TIMP-1 mRNA was expressed both in mvasive adenocWrnoina. 
carcanoma ,« «V„ and adenoma and that the expressi^TS^^ 
sm-ed m bojh U,e stomal as well as the epithelial compar^tTf 
ftatS TX^ '^""•^ ^« colleagnes"5o 
r^lJ^"} "**JA was expressed only in the stromal co^mah- 
S^H- ~'°'!*'^.«'«»o««cw>™as in spindle-shaped cellsC- 

cbetmcal studies of TlMP-1 in colon are also conflicting: Hew.^ 
and coDjagnes" reported thaf TtMP-j was expressed in the c^ 
necuve Ossue and basement membrane in bo£ nonnal mocp™, 
adenomas and adenocarcinomas with only Kttle stainiiig of the 
^3^^S.T-!ST 0° ""to hand.Tomita and colleagues', 
reported that TIMP-] was expressed in both stromal and epiSrelia] 
cdls m colomc polyps and adendmas'. as well as in adeno^arcino 
mas, m which the neoplasUc cells were strongly immunoreactive. 

In orderio resolve Aese inconsistencies, we undertook our study 
Z jj.^.'il^^^^'''"' in^wohistochemistry demo.; 
SawT^" V f ^ "y^fibroW-^^ m thVstroma at 

tl^^ » T adenocarcinomas. Because TTMP-l 

* ^ "^T ^""^ """^ epithelium, we eval- 

dfff. "="S TtMP-l as a diagnostic tool to 

differemiate colorectal adenomas ftom Dukes' stale A colorectal 
adenocarcinomas. . 



Material and methods ■ ' 

Tissue sampUs 

All tissue material included was obtained &oro University Hos- 
pital of Hvidovre (Copenhagen. Denmark) in accordance with a 

M^T^^ ^y '"'^ "'=''="'''5= •^'hi") comrmttee (KF 

, K ^fi iC sampl" (formahn lixed and paraffin 

er^bedded) collected from 1989 to 1993 included Dukes' stage A 
CO orecial adenocarcinomas (« = g) and colorectal adenomawus 
pol>ps \n - 6, o were pedunculated (1 with mild and 2- wiUi 
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moderate dysplasia) and 3 were sessile with moderate and 2 
with focally severe dysplasia)]. Samples from 16 colorectal ade- 
nocarcinomas (1 Dukes' stage A, 6 I>ukes' stage B, 8 Dukes'. stage 
C and 1 Dukes' stage D), 1 villous adenoma and 1 malignant colon 
lymphoma were prospectively collected during 1999-2000. These 
prospectively collected tissue spedmcns were dissected so that 
samples contained bolii normal mucosa and tumor tissue and were 
obtained within 30 min following Surgical bowel resection. The 
specimens were immediately fixed in 4% neutral buffered formalin 
for 20-24 hr and then paraffin embedded. The 14 archival samples 
had also been formalin fixed and paraffin embedded. ' 

Generation of rionoverk^ping TiMP-l cD}^ A fragments by PCR 
The mi length TIMP-1 cDNA (bcnBank NM_003254) cloned 
in pSP64 vector^ was iised as teiiq>late to generate 2 nonovcrlap- 
ping PGR Augments for in vitro transcriptian, and named fl04 (bp 
56-378) and flOS (bp 398-680). First, the whole insert (-780 bp) 



was cul; out by digestion with //imi 111 and ifamHi ana punhed 
after agarose gel elcctropboresis using the Qiaex H gel extraction 
kit ((^agen, Crawley, pnited Kingdom). Jo generate nonoverlap- 
ping aniiscDse probes and the CQrresponding sense probe, 2 PCR 
fragments were generated using, upstream* primes flanked by a 
linker sequence containing an Ecdki restriction enzyme site (un- 
derlined nucleotides) and a T3 polymerase binding sequence 
(boldface) 5'-(gagaattcattaaccctcactaaagggaga)-3', and down- 
stream "primers flanked by a linker sequence containing a BomHI 
resthctifHi enzyme site and a T7 polymerase binding sequence 
5*- (ggatcc taat3ceactcactatagggag)-3' 9. The tlMP-l specific up- 
stream primers were 5'- acccaccatggccccctttg -3' for fl04 and 5'- 
(linker) - gcaggatggactetlgcaca' for fl06» and the downstream 
primers were 5'- linker- acicctcgctgcggttgtgg -3' for n04 and 5' - 
(linker) - talctgggaccgcagggact -3.'. for fl 06. PCR using the 2 fl 04 
primers or the 2 f 106 praners was done as previously described.^ 
The PCR products were purified by column chromatography 
using S-200HR microspin colunins (Amersham Pharmacia Bio- 
tech, Ina, Kscatway, >D), and their size* tested by agarose gel 
elcctrojAoresis. Both migrated as —300 bp fragments in accor- 
dance with the predicted size (322 and 282 bp, respectively). An 
ABI. PRISM 310 genetic analyzer was employed for DNA se- 
quencing analysis and was performed according to the manufac- 
turer's instructions (Perkin EIroer, Applied Brosy stems, Foster. 
City, CA) using the primers specified above. The DNA sequences 
obtained were confirmed by comparison with the specific TlMP-l 
cDNA nucleic acid sequence (GenBank NMJ003254). 

Plasmids conUMning human MMP-2 cDNA <pCol7201 . bp 647- 
1284) and human MMP-9 cDNA (pCol9202, bp 1751-2326) have 
been described elsewhere.^' 

In vitro transcription 

Aniiscnse and sense ribopr9bcs were labeled with ^^S UTP 
(MEN. Boston, MA) by in vitro transcription using T7 and T3 
RNA polymerases. (Roche, Basel. Switzerland). The DNA tem- 
plate was digested with DNase (Proraega, Madison, \SfT). Nonin- 
corporatcd ^^S UTP and DNA was reihoved by column cliroma- 
tograpby using S-200HR miciospin colmnns (Ajnersham 
Pharmacia Biotech. Inc., Piscatway, NJ). The ^^S activity was 
adjusted for every probe by dilution lo 500,000 cpm/pJ. 

In situ hybridizanon 

in situ hybridization was performed essentially as described 
previously.^- In brief, 3 p.m paraffin sections were deparaffinized 
in xylene, hydrated with graded eihanol ajid boiled in a microwave 
oven for 10-12 min in 10 mM citrate buffer, pH b.O. After 
additional 20 min oi room temperature, ihe sections were dehy- 
drated will) graded ethanol and llie ^^S labeled probes (2X10^ cpro 
in 20 \l\ hybridization mixture^' per slide) incubated ovemighi ai 
55''C in a humidified chamber. Sections were washed in Mellcn- 
dahl chambers wiih SSC buffeis containing 0.1% SDS and J 0 mM 
DTI at 150 rpm at 55°C using a Biihler incubation shaker (Jo- 
hanna Olio GmbH, Hechingen, Germany) for 10 min in 2xSSC, 



10 min in 0.5XSSC, apd 10 min in 0.2XSSC Sections were then 
RNase A treated for 10 min to remove nonspecificaily bound 
ribpprobe. Subsequent wash* was performed in 0.2 X SSC as spec- 
ified above^ Sections were dehydrated and' soaked* into an^autora- - 
diogyaphic emulsion (Dford), exposed for 5^-7 days if not otherwise ' 
stated and finally developed. Sections were counterstained with 
' haematoxylin and eosin. 

Immunoperoxidase staining 

Imrouriohistochermstiy was peifoimed essentially, as described 
previously.^ Five micrometer paraffin sections wdrc deparafT 
finized with Xylene and hydrated through etbanol/water dilutions. 
Tissue pretreatmcnl was perfbnned with pxotease-K (5 p.gM) 
digestion for 20 roiii. Sections were blocked for endogenous per- 
oxidase activity by treatment with 1% hydrogen peroxide for 
)5 nun. The sections were washed in 50 mM TriS 150 mM NaQ, 
pH XiS, contaimng 0.5% Triton IX-IOQ (TBS-T). Incubation with 
rantibodSesHwas-done oyen?)^ at4°C. Sheq> polyclonal antibodies- 



(pAb) against TIMP-1 and nonimmune goal IgG were used at a 
final concentration of 4jO ^g/ml. Two monoclonal antibodies 
CMAb) against TIMP-1 ,3iNM4 (clone rTIX6A, NeoMarkcrsi Tro- 
mont, CA) and CaIB2 (clone 147^^11, CalBiohem, QDCOgcne 
Res. Products, Cambridge, MA), and a }ylAb against trinitro- 
pbcnyl (TNP)^ were all incubated at 1.0 it^ml <all 3 MAbs are 
IgGl). CalB2 MAb recogittzes both free TIMP-1 and TIMP-1 
in complex with MMPs.^^ NM4 MAb only recognizes free 
TIMP-J.^ According to the manufacturer's descriptions, bpth 
MAbs are raised using recombinant human TIMP-1. Thp sheep 
. fjolyclonal antibodies were raised by inmaunization with TIMP-1 
purified from human dermal fibroblasts. The. IgG was obtained by 
triple precipitation using amroonium-sulfatc and chatacterized by 
iinmunodiffusion and rocket jmmunoelectrophoresis,^ In addir 
tion, we have shown that the pA.b recognize both free and MMP- 
conotplexcd TIMP-1 Furtbermorc, the specificity of the antibod- 
ies was analyzed by "Western blotting analysis agabst recombinant 
human TIMP-1 expressed in NSO mouse niyeloma cells. Here, the 
antibody preparation recognizes a band of approxiniately 28 kDa 
in accordance with the molecular weight of TIMP-1. To certify 
that the pAb recognize TIMP-1 in colon tumors, the antibodies, 
were imtmobilized on a sepharose column. Total protein extracted 
from 3 colon adenocarcinomas was passed through the cohmm 5 
times and the bound and subsequently eluted protein analyzed in a 
Western blot usiiig a TIMP-1 monoclonal antibody (MAC15). A 
single band of appoxi'mately 28 kDa was revealed in accordance 
with the molecular weig^it of TTMP-l (results not showii). fa 
inmiunohistochemistry. the sheep pAb were detected virith bioiin- 
ylated rabbit- anti-goal IgG, which cross-react with sheep IgG 
(1:100, code E466, DakoCytomation) followed by horseradish 
peroxidase in complex with streptavidin (code K377, DakoCyto- 
mation). The MAbs were detected with the Envision-mouse re- 
agent (En Vision reagent, K4003, DakoCytomation), followed by 
tyramine amplification, using biotinyl tyramine substrate as-spec- 
ified by the raanufaciurer (Nen, Boston, MA). Sections were - 
developed with NoyaRed substrate as specified by the manufac- 
turer (Vector Laboratories, Burlingname, CA) for 15 min. Fmally, 
sections were countersiained in Mayers haematoxyliri, dehydrated 
in eihanol and mourned. 

Combined in situ hybridization qnd immunohisiocheniistry 

Double labeling by combining in situ hybridization and knroiJ- 
nohisiochcmisiry on paraffin sections has been described previ- 
ously. ^2 ]n brief, using MAb against a-sn>aciin (clone 1A4) 
diluted 1:1000- againsl cytokeratin (clone AE1/AE3) diluted 
1:1000. oi against CD68 (clone PGMl) diluted 1:200, secuons 
were jncubaied for 2 hours at room temperature and then detected 
with anti-mouse-IgG/horse radish peroxidase-conju sated polymers 
(En vision-mouse reagent, DakoCytomation, Glostrup, Dcmnark). 
Sections were developed with diaininobenzidine (DAB) for 
7-10 min, and immediately dehydrated for in siw hybridization, 
which was performed as described above using the antisense 
piobcs of f]OA. Sections were couoiersiained with hacmatoxylin^ 
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ResuHs 

Analysh of VMP-Lprobes ami antibodies for \n situ 
hybridization and immunohistockemistry 

Histopathological diagnosis of prospectively colkcted spcd- 
mcDS from J 8 colorectal Jesions revealed 16 colorectal adenocar- 
ciDomas, } villous adenoma and 1 malignant lymphoma. ^S- 
labeled antisense and sense RNA probes were generated by in vitro 
iWBKCnption from 2 nonoverlapping DNA sequences of the human 
TIMP-1 cDNA and tested by in situ hybridization on adjacent 
seciic^s from 5 of the colorectal adenocarcinomas. The 2 antisense 
probes showed ah identical hybridization pattern in all the 5 cases, 
located in the stromal compartnient surrounding the iiavadiiig 
cancer cells, while no specific signal was seen with the 2 sense 
probes (Rg. 1). To test whether the TtMP-l mRNA was accora- . 
paued by.TlMP-1 protein expression, imraunohisiochemistry was 
performed on 8 of ibe adenocarcinomas (including the 5 men- 
tioned above ) and the malignant lymphca na usin g sheep anti- 

rmTnanrlMPri tv^i-i.^i««„i ' — " rt — — = 



nuri^ JlMpTi pojycjonal antibodies dii's'eciions adjacent to 
TIMP-1 m sm hybridized sections. The TlMP-1 mRNA and 
immunorcactiyity was observed in the same cells in aO of the 9 
casestcstcd (Hg. tA\ incbding the malignant lymphoma. The 
anti-miP-l polyclonal antibodies did not react with other cell 
populabons m all of 8 adenocarcinomas and the malignant lynH 
phoma apart from srane normal and malignant epithelial cells that 
were weakly stained on the luminal apical surface. Two MAbs 
agamst TIMP-1 (CalB2 and NM4) required strong signal amplifi- 
cation but showed a staining pattern similar to that of the poly- 
clonal antibody preparation (Fig, 2B\ with the only exccpiioD that 
neither: of the 2 MAbs stained the himinal apical surface of the 
normal and mahgnant epithelium: No signal was obtained with 
i?^?]?^?""'^^^^ ^™ ^ (of same subclasi as Calb2 and 
NM4) directed against the synthetic hapten tiinitrophenyl (TNP). 

VMP-J mRNA ejqjression patterns in colon cancer 

Expression of TIMP-1 mRNA was then analyzed in the remain- 
mg 9. colorectal lesions by in situ hybridization. TIMP-] mRNA 




^'•fi""^ I'"' ^i'b"**»^at>on with 2 nonoverlappino TIWP-1 

specfic probes »i human colon cancer. Th,ec adjacen, iectio.is from a 
colon adenocarcinoma were i>K»barcd with 2 nonoverlappino 3?s! 
labeled niinsense probes for TlMP-1 mRNA i/)06 {a,b) and^lft {d)) 
and a corresponding TIMP-J sense probe. fl06 (c). The in shu hy^ 

/v^V P'?*^' ^^"^^ hvbridizaiion partem and die 

hybnd,zat,on signal >s seen in .he san.e cells (anows in a b Z d) 

ihc TIMP- 1 ,nRNA s^p.) ,s located m ihe .umor ^roma (indicaial by 
St) .unoundmg the .«va.ive cancer ceils (Ca) thai nve devoS of 
imy-l m situ Jiybnduaoon signal, {nyid): Bar ^ '100 ,ini. 



expression was in all the cases of colon adenocarcinoma (including 
those roemioned above) highly expressed in stromal fibroblast-like 
cells located at the invasive front (Hg. 3a,d). TIMP-1 mRNA 
signal was also observed in fibroblast-h'kc cells located in the 
tumor stroma towards the colonic himoi in 8 of 10 cases wherb 

^Sf^pT Vx^*""" P'^' ^'^^^ ^^^'^)- No or little 
TIM?-! mRNA was detected in the ccntral pan of the Carcinomas. 
In 5 of the 16 colorectal adenocarcinomas, wc observed TIMP 1 
mRNA sigbal in some .fibroblast-like c^Hs located around the 
jnusclc layer, of some arteries located in the submucosa distant 
frprn the cancer area. The normal colonic mucosa, includino the 
lanuna propria that was present iii all samples tested, was t^enCTallv 
negadve (Rg. 3b^l Only arelaUyely weak TIMP- 1 mRNA simil 
was detected in stromal fibrobJast-like cells surrounding one wr a 
very few normal crypts (Fig. 3c,/) in 3 out of 6 cases tested with 
extended exposure time (10 days vs. usually 5 days). In the villous 
adenom^, we saw only a few TIMP-1 mRNA posiuve cells asso- 
uuted wjiirliK:aHnfliimmation (data hot shown). In the malisnani 
lynr)phoma of the colon, TTMP-1 mRNA exjjressing fibroblast-like 
cells were, different from the ideriocardliomas, located in a dif- 
fuse pattern throughout the whole tumor. No. TIMP-1 niRNA 
signal was observed in any of the 18 cases in the cancer ccDs 
smooth muscle cells or vascular cells. - . * 

ChanicterizationOfTlMP- J mRNA expressing cells 
To test wheth^ the-nMPll mRNA positive fibroblast-like cells - 
. could be (myo)fihroblasis and/or macrophages, sections from 4 
colorectal adenocarcinomas and the malignant lymphoma were 
first- rmmunohistochcmically stained with - antibodies directed 
'*"i?"fcx";^'^*'^JSli{*''' ^^'<^^on of myofibroblasl/smooth muscle 
cells (SMQ] or CD68 (for deiecUon of macrophages) and subse- 
quently incubated with a TIMP-J mRNA antisense probe hi 
normal colon tissue, a-snj-aciin is expressed by vascular smooth 
muscle cells, smooth muscle cells of lamina muscularis mucosae 
and mnica musculans as well as pericriptal myofibroblasts 3^ hi 
colon tumors, a-sra-actin is expressed by tiimor- associated fiW 
blasi-bke cells located throughom the tumor stroma, which are 
defined as myofibroblasts. No TIMP-1 mRNA was detected in any 
a-sm-actin positive srnooth muscle cells, including ihose of the 
vessels, the lamina muscularis mucosae and the tunica muscularis. 
In addition, no TIMP-1 mRNA was detected in the a-sm-aciin 
positive pencrypial myofibroblasts of the lamina propria in any of . 
the 5 lesions. TIMP-l mRNA signal was in contrast seen in 
a-sm-acim-positive tumor associated myofibroblasts located at the 
invasive front of the colon cancers. In 3 of the adenocarcinomas, 
more than 80% of TIMP-1 mRNA-positive ccUs located close to 
the mvadm^ cancer cells were a-sn>-aclin-posilivc (Fi<' 4) 
TlMP-1 mRNA positive fibroblast-like ccDs located more distant 
from the mvasive cancer cells, towards the submucosa, expressed 
Imle or no a-sm-aclin. hi J adenocarcinoma and in the mahgnant ' 
lymphoma approximately 50% of the TIMPl mRNA positive cells- 
expressed a-sm-aciin. Thus, the TIMP-1 mRNA expressing cells 
constitute a subpopulation of tumor-assodaied myofibroblasts lo- 
cated at the mvasive froj^t of the tumor. No TIMP-1 mRNA si^mal 
could be identifjcd in any of ihc CD68.posilive cells (Fig. 4)!" 

Egression of TlMP-J and MMP^2 and 9 in colon cancer . 

MMP-2 and MMP-9 arc 2 f>'pe JV collasenascs expressed in the 
mvasive cancer tissue of colorectal adenocarcinomas. Thus . 
MMP-2 has been reported to be expressed by fibroblasl-liJce cells 
in the cancer stroma,'2.5i a^j. mMP-9 by macrophages at the 
leading edge of the invasive caocer.ss Jo directlv compare die 
expression pnttcms of MMP-2 and MMP-9 with that of TIMP- 1. 
adjacent secnons from 5 colorectal adenocarcinomas were hybrid- 
ized w,d) probes for TlMP-1, MMP-2 and MMP-9 ruRNAs We 
found ihat the expression of 71MP-1 niRNA was localized char- 
actcnsncaUy at die invasive front of the growin? tumor, whereas 
Die expression of MMP-2 mRNA was most intense in the central 
aieas, showjng decreased expression towards iJjc invasive fjoni • 
(Hg. :>a). MMP-9 >iiRNA exprcs.sing cells were found nt the 
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Figure 2 -Jn situ hybridizaiion and inununohistocbemisiry for TIMP- 1 in human colon cancer. (>4)*Two.adjaccni sections from a human colon 
adenocarcinoma were incubaicd with poJycJonaJ antibodies against TlMP-1 (a.c) arid a TIMP-l mRNA antisense probe (£>). The TlMF-l 
nTrninnoreactiviiy (red-brown coJor, anovvs in a and c) and ihe TIMP- J niRNA {siWer grains, arrows in b) arc idcniiScd in the same cells l^^"*^ 
in o^b). Immmioperoxidase staining wiih ihe TIMP-l pAb' reveals the TIMP- 1 -positive cells as tibroblast-like cells (arrows in c) located rn the 
stroma (St). No TIMP- J immonoreacliviiy is seen in cancer cells (Ca). bars = 50 urn; c: bars =13 ^tra. (B) Four consecutive adJ^CCTj 
sections were incubated with CalB2 MAb ant i- TIMP-l (aX NM4 MAb (bX sheep ami TIMP-I pAb (c) or mouse auti TNP id). The 3 MAbs 
were delected with Envision reagent followed by TS ampliiicaUon and the sheep pAb with biotinylalcd rabbit anti-goat followed by 
HRP-conjugated sUeptavidin (sec Maieiial and nieihods). The 3 TIMP- 1 antibodies lenct with iht same cells (arrows). No imrounoie activity is 
seen when the sections are incobated with anti-TNP. 



invasive frcwil like those expressing TlMP-1 mRNA but with a 
disiincJy different distribution. Foci with high expression of 
TIMP- J mRNA were not accompanied wiih increased Expression 
of MMP-9mRNA and vice- versa (Fig. 5b\ Thus, TIMP- J niRNA 
expression is not coregulaied with MMP-2 or MMP-9 niRNA 
expression. 

TJMF'J in adenomas and Dukes' stage A carcinomas 

TIMP- J antigen can readUy be measured in blood and we have 
previously rcponed that levels of TIMP- 1 in blood are significantly 



elevated in colorectal cancer patients compared to healthy donors 
and that hish plasma TIMP-l levels are associated with shoil 
survival of colorectal cancer paiients.^'-* TIMP-l has therefore 
been suggested to be a novel marker for detection of early stage 
colorectal cancer and for prognostic stratification- of colorectal 
caJKcr paiicnis." '-39 These findings, together with die characteristic 
expression pattern of TlMP-1 at the invasive from of virtually all 
ihe colon cnnceis and tlie absence or minuie TIMP- 1 expression m 
nomial and benign colon mucosa, prompted the evaluation of 
TIMP- 1 expression as a marker for early invasive colon cancer. 
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h JX^t;^^^^^ colon cancer. Sccions were 5,., processed for i^nuno- 

•^iSf V,'"*"" P'""*- ""MP-l mRNA sio„3l irc2j^" 1 zed wS^,™^ ^- <>y m i.m hybridizaiion using ihe nw mJA 

UMP-J BiRNA sijnal (red arrows in a). Bars = )3 ^tni. • '"^ " Sni-aci.n-positive mj-ofibroblasis have linle or no 



^o,^^fr;, '7"^''' ^^^-^ '"^^^ e.pression.,„ an addi- 
n . i r^? fdeno«,a,ons polyps wi,J, a,e e.p,„sion in an 
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Ouko siage A carcinomas showed TIMP-I mRNA sional ai ihp 

ST 'ZZ": ' '"""•^ '"^"""'^ • 

L ^ "Pression was confined lo a sinoJe focus in - 

hi?;, ^ , .'- ='"^">sis of addi„onal secions from 

n sample clearly revealed disrop.ion of .he dysplas.ic epiU el u 
n .he same area. J„ ,he oU,erTJMP-l mRNA posi.ivc adenom. 
sess,le ..vpe) a few T1MP-, mRNA e.pressin ' fibrobins^ w"; 
oco,cd around small aneries no. dnecly assocaVed wi,), „ e ,u nor 
area (da.a no. shQWi5J~ 



sho^v^l T?^^.'' "=SC A carcinomas analyzed 

howed TJMP-I mRNA exp.csslon in n,yofib,oblas.s located a. 
onlvTf " '"^-"^ "P'e^ion was de.ec.ed 

Zlh lL ^f"'ZT^- "^"^ ^" '<" fibroblas.-like 

^,le fnce f T'** '""'•""""'"O" ^> =pi.bcliaI.s.romal 
;te ■ '!« snbmuqosa in 1 
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Fjgure 5 -In situ hybridization for TTMP- 1 , MMP-2 and MMP-9 in 
human colon cancer. (^4) Adjacent sections were incubated with probes 
specific for TlMP-1 mRNA {o,c) and MMP-2 mRNA ib,d), respcc- 
lively, and is shown in brigblfield ia,b) and darkfic)d illumiDaliOD 
icd). The TIMP-J mRNA signal increases towards the subrpucosa 
(Sm) whereas the MMP-2 mRNA signal decreases and is most inlense 
in the central areas (Ca). [B) Adjaceni sections were incubated with 
probes specific for TIMP-l mRNA (o,c) and MMP-9 mRNA {b,d), 
respectively, and is here shown in brisht field (a.b) and darkfield 
illumination icd). Both the TIMP-J mRNA sigiial and the MMP-9 
niRNA signal are most intense at the invasive fioni towards the 
submucosa (Sm), but their expression paitcms are quite different, with 
MMP-9 sliowing die most reslricted expression. Bars .= lOO ftm. 



cDNA fragments and specific pAb and MAbs against h»»man 
TlMP-1. The TlMP-1 mRNA signal in all colorectal adenocarci- 
nomas invesiigaied was seen in fibroblasi-liJce cells located in the 
tumor periphery. An identical hybridization ponem was observed 
with the 2 aniisense TJMP-1 probers and applicaiion of comple- 
mentar>- sense probes on neighboring tissue sections ns negative 
controls did noi result-in any hybridization signal; therefore, we 
conclude that the hybridization signal generated widi the nntisense 
probes represents the genuine llMP-l mRNA. TlMP-I immimo- 
icaciiviiy w:is also distinctly located in fibroblasl-Jike stromal cells 
tn_.ihc_imiior periphery, and these cells were identified to be (he 
same cells ns the TlMP-1 mRNA expressing cells. A pieparation 



of sheep pAb against hmnan TTMP^-P^ .and 2 weJl-characteiized 
MAbs staiDcd the very same cells in the tomor stroma.. Weak 
staining of the apical surface of soine Domial and malignant 
epitbefial cells was observed with tlie pAb in sortie cf the samples: 
No staining was obtained when thc-anti-XIMPTl antibodics were 
substituted with Jioninunune goat serum or anti-TNP MAb imnir 
bated at the same concentratiptis. These iinxhunohistocbeimcal 
* fiiKlings strongly suggest that the- TIMP-l antigen detected iia the 
fibroblast-iike cdls rcpresaits the gentune TTMP-l protean. 

In om study, we found TlMP-1 mRNA expression in stron^a] 
fibioblast-like ccUs located in the tumor periphery in all colorectal 
adenocarcirtomas tested* whereas no expression was detected in • 
the. cancer cells in.any.of thfc; cases tested.* Tliis finding is in 
agreement with studies by Zeng and colleagues,^^ but is partly in 
disagreement with findings by New.eli and^ colleagues." In addi- 
tion to TIMP-l mRNA signal in fibroblast-like ccUs in the tumor 
pm ph ef y^ Newe ll and colleagiies" dctwitcd a weak TlMP-1 
mRNA signal in both benign Shd malignalt epithelial cclls-^^ This 

. observation "was, however, based on ^e use of probes .^from a 
. single TIMP-l cDNA subckme and no alJditioiial contjolsjto veriiy 
the expres^on pattern. Tlie diiferehce between' our results and- 
those of Newell and colleagues may be explained by methodolog- 
ical differeiices, since the procedure employed, by NewcD and 
colleagues wais in several steps different from the one used in the 
present stndy, e,g,, Newell said colleagues used ^p-labelcd probes, 
whereas we used BSjOabeled probes. It is in this context notewor- 
thy that in order to look for a low expression level of TXMP-1 
mRNA, we performed in situ hybridization experiments with pro- 
longed exposure time (10 days vs, usually 5 days) with both' our 
TIMP-l antisense probes and both TIMP-l sense probes^ but with 
this challenge we did not detect any TIMP-l hiRNA in any 
. epithelial cells. It cannot be excluded though that the TIMP-l 
mRNA is expressed in epithelial ceils below the detection limit of 
OUT in siiu hybridization procedure. 

An interesting observation in our study was the characteristic 
intense TEMP-1 mRNA and protein expression in the tumor pe- 
riphery of all colon adenocarcinomas, while little or no expression 
was seen in the center of the carcinonias. Only in the colorectal 
lymphoma did we find TlMP-1 mRNA and protein expression in 

. fibioblast-like cells located .ttiroughout the tumor tissue. The 
TIMP-l expression pancim in the colon adenocarcinomas is in 
contrast to the expression pattern reported by Hewitt and col- 
leagues,*^ who found that the TlMP-1 staining in most colorectal 
adenocarcinomas was equally intense in fibroblasts throughout the 
tumors and that some of the cases even showed decreased TIMP-l 
signal intensity towards the tumor periphery. This difference may 
be explained by possible cross-reactivity of the polyclonal anti- 
bodies employed by Hewitt and colleagues or that Hewitt and 
colleagues employed cryostal sections, while we analyzed paraffin 
sections. * 

The TIMP-l expressing cells had a fibroblast-like morphology 
and using combined in situ hybridization for TIMP-l mRNA and 
immunohistochemistry for a-sm-aclin, we found that many, gen- 
erally more than 50%, of the TlMP-1 mRNA positive cells coex- 
piessed c(-sn>-actin- According to the cellular moj-phology of die 
TIMP-I expressing cells and their localization in the invasive 
front, we could conclude dial the cells were myofibroblasts and not 
smooth muscle cells. 

The myofibroblasi is a cell type present in die normal colon 
mucosa, that originally was described as a periciyptal hbro- 
blasi3^ and blcr was identified with antibodies against a-sm- 
actin--^ In the lamina propria, the myofibroblasts form a contmu-. 
ous cell layer just below the intesrinal epithelium. The pericop^a* 
myofibroblasts are phenoiypically different from *Jie ncighbormg 
quiescent interstitial fibroblasts diat do not express markers of 
smooili muscle cells.^' During early steps of colonic luinorigenesis 
the number of myofibroblasts is significamly increased."* The 
TIMP- 3 expressing myofibroblasts may be generated after act!va- 
lion of tlie peiicrjptnl myofibroblasts and/or the quiescent inter- 
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Fjcure 6 -In situ hybridization for T «.,^„^«,a aim i^uaw iui^c y^ aucnoc 



sbtial fibroblasts. Adegboyega and colleagues*' hypothesized that 
the tumoj-assoaaied myofibroblasts wiginate from ihe quiescent 
interstitial fibroblasts of the lamina propria, rather than from peri- 
cryptal myofibroblast or smooth muscle cells, which may help to 
explain why we found some of the TlMP-l mRNA expressing 
fibroblasi-hke cells a-sm-actin-positive and some a.sm-actin-neo- 
ative. 

Several MMPs including MMP-2. MMP-II and MMP-14 arc 
expressed by fibroblast-like cells in human colon cancer 2''^".'»2-^ 
some of which may indeed be myofibroblasts. TTie role of the (mvo^) 
fibroblasts m colon cancer progression is not known. Since miP-'l in 
human colon cancer appears only to be expcsscd by fibroblasi-Iike 
cells most of which are myofibroblasts, and since high TIMP-] levels 
measured in blood or tumor exlrads fi^om colon cancer parienis are 
strongly associated wiO) a poor prognosis.^o^'-^-'s it could be argued 
that the TIMP-1 expressing myofibroblasts play a iumoi-pjx>nx)iing 
role. Inununohistocbemica) localization studies of proteins involved 
m the activation and regulation of the efficient serine protease plas- 
minogen, inchiding ujofcinase plasminogen activator (uPA) and its 
speofic inhibitor PAl-1 show that both are rnainly expressed by 
myofilffoblasis in human breast cancer.^'^-^ft Hisb levels of iiPA and 
strongly corrclaied wich poor prognosis m breast can- 
cer/'^ supporting Ihe assumption Uial the myofibioblasi express a 
promoiing role in cancer invasion. We recently reported that ihe 
predominani PAJ- I expressing cell in human colorectal cancer uljo is 
the myofibjobbst.oy and earlier studies indicated ihai elevated levels 
of PAJ- 1 m colon cancer patients are associated with poor proono- 
SIS.-'' Together ihese findings indicate that myofibroblasts aie siron^ly 
contnbuiing lo the expression of proteins involved in the rennlolion of 
extracellular man w degrndine proteases that facililnie cancjr inv.ision • 
and metastasis. 

A panici;lnrly interesting finding of the present study was the 
absence of TIMP-1 mRNA in 4 of 7 adenomns, whereas in all ol 
9 DukesVsinge A cai cinemas the TIMP- 1 niRNA was expressed in 
fib>obIasr-I)ke eel is along Ore invasive from. In the 2 benign lesions 
m wfuch the TlMP-l niRNA w.is seen in the ndenomn\nren, the' 



TIMP-1 mRNA positive cells were confined to a single focus with 
locally increased inflammation related to the dysplastic epithelium. 
Evident disruption of the dysplastic epithelium was observed in the 
adenoma with most intense TlMP-1 mRNA signal. Intestinal m- 
flammation may be caused by disruption of the mucous epithelium 
that leads to focal leakage of mucinous colon material into the 
lamina propria. Increased intestinal permeability is a common 
deficiency in Crohn^s disease and interestingly TlMP-1 mRNA 
was found in the intestinal granulation tissue of Crohn's disease^o 
and is expressed by myofibroblasts isolated from Crohn's dis- 
ease.5' Induction of TlMP-1 in myofibroblasts in a benisn or 
preinvasive tumor may also be a response to locally increased 
MMP activity or a response lo the presence of a specific MMP in 
the local microenvironment. MiyiP-2 and MMP-9 mRNA expres- 
sion, however, did noi appear lo be cpreguiated with TlJVlP-l 
mRNA expression in the colorectai adenocarcinomas. Specific 
NlMPs may indeed be involved in the transition of noninvasive to 
invasive disease; in smdies of preinvasive lesions (ductal carcino- 
mas in sifu) of the human breast we recently reported that MMP-13 
is specifically expressed in myofibroblasts associated with micro- 
invasive events."^- Future studies may claiify whether TIJVlP-1 
expression in colorectal adenomas is con elated with expression of 
specific MMPs, cytokines and/or j:rowih factors, such as TGF-pi 
and TGf-p25l, and whether TlMP-l cr.n be used as a histopntho- 
logrcal marker for malignancy in colorectal tumors. 



AcUnowledgemcnfs 

We thank Dr. G. Murphy lor the TlMP-1 cD.Na, the pol)'Xlonal 
antibodies against TIMP-K MACI5 ami recombinant' TIMP-i. We 
are grateful to P.G. Knudsen and C L0nboru for their excelJenl 
technical assi.stance. and to L.H. Hngelholhi for desisninii the 
primers. We appreciate the crriicnl comnicnis to the nnicle by Dr^ . 
G. Ketlerm:inn. . ,- . 



TlMP-l EXPRESSION IN THE COLON 



205 



Kefereoces 



1. . LSoita LA, Stccg PS, StcUcr-SlcvensoD WG: Cancer raetastasis sad 
anpogotcas: an imbalance of po»dve and ncKativc rcsulatioB. 031 
J99I;64327-36 . 
Z Stetler-StevcDSQn WG, Ya AE, Flroteases in invanoo: toalrix xnetal- 

loprotejnasesL.Scsmn Cancer Bio! 2001;!) :H 
3* Mmp)j(y KoWitis P» Carne AF. Dissodadon of tissue ibhibitor 'c^ 
inetaUdjpGTOteiDases CTIMP) from enzyme complexes Yields. fuDy ac-' 
tivchiliilMtor.BiodicmJ 1989;261;1031-4. 
4; TVeJgBs HG. Strickfio GP. Human sJdn fibtoWast coUagenase inhitn- 
ior. Comparative studies in hnman connective tissues^ senmi, and 
amniotic flind. J Bid iCbem 1 983*258: J2259~64.. 
5. Jtboiha Wateibpasc P. Tht roJe of tissue inhibitor of n>claIlopn>- 
tcinase-1 in spedfic aspects cf cancer progression and reproduction, 
JNtnrpo»co*JJ*94;18:123-7. • 
^ M Lyops A SnuihBJ. Wright EM, Slcpheni PE, Harris. 

TJ» Murphy G, Reynolds JO. Sequence of human tissue inhibitOT cf 
mctaHoprotranases and its identity to crythimd-potentiatin^r activitiL 
NatQrel9&5-31 8:66-9. * " ' 



13. 



14. 



Guedcz X,. Courtdnancfa U Stcilcr-StcvensOT It*. Tissue inbibitor ol" 
melallcprotcmasc (TIMP)-! induces diffcrcntiatiQn and an mtiapop- 
toiit^ibcnotypc in gansnUi center B cdJs. Wood ]998;92:J342r-9. 
^ ^°^"J^ B*OT«n KE, Oocoon }4, Stctlcr-Stcvenson WG. Increased 
expressioa of tissue inhibitor of mctaUoproteinases type 1 <TtMP-I) 
in a more tomourigcmc colon cancer cell lirie. J Pathol 2000;! 92: 
455-9. :. - • 

9. Gncdcz Stctlcr-Stcvenson WG. Wolff L. Wang J. Fukushima P. 
Mansoor A, Stctlcr-Stcvcnson M. Ifi vitro suppression of programmed 
ceD death of B cells by tissue inhilritor of metalloproteinases-l. J din 
Iijvcsl 199B;102:20a2-)0. 

10. li G/Fiidman R, Kiro HJL Tissue inhibitor of metaUoproleinase-l 
^ inhibits apqjtasis of human breast cpilheh'al ccDs. Cancer Res 1995^ 

59:6267-75. " , 

1 K Jiang Y, Goldberg ID, Shi YE. Complex roles of tissue inhibiiors of 

metaUqproteinases in cancer. Oncogene 2002;21:2245-52 
12. Zcng 2S, Gmllem JG. Distinct pattern of matrix metalloproteinase 9 

and tissue inlrihitor of mctalloproteinasc J mRNA expression in 

hnman colorectal cancer and liver metastases. Br J Cajjcer' 1995:72: 

575-82 . 

Gomez DE, Alonso DF, Yoshiji H, Tborgeirsson UP. Tissue inhibi- 
tors of meialloproteinascs: structure, regulation and tuolo«^cal func- 
tions. Eur J Cell Biol I997;74:n J-^ 

GuiJlem JG. Levy MF, Hsieh IX, Johnson MD, LoGcrfo P. Forde 
^KA, Wcinstein IB. Increased levels of phorbin, C-myc, and ortuthine 
decarboxylase RNAs in human colon cancer. Mol Carcinog }99&Ji: 
68—74, 

1 5. Lu XQ, Levy M, Wcinstein IB. SanicJla RM. Immunological guanti- 
lauon of levels of tissue inhibitor of metalloprotdnasc-l in human 
colon cancer. Cancer Res 1991.51:6231-5. 

16. Mimori K. Mori M, Shdraishi T, Fujjc T, Baba K, Haragochi M, Abe 
R, Uco H, AkiyosW T. Clinical significance of tissue inhibitor of 
inctalloproteinase expression in gastric carcinoma. Br J Cancer 1997- 
76:531-61 

17. FoDg KM. TIMPI and adverse prognosis in non-small cell lung 
cancer. Qinical Cancer Research 1996;2:1369-72. 

18. Ree AH, Florenes VA, Berg JP, Madandsmo GM, Nesland JM. 
Fodstad O. High levels of messenger RNAs for tissue inhibitors of 
meiaJloproteinases (TTMP-1 and TlMP-2) in primary breast carcino: 
mas arc associated with dcvelopmcDt of distant metastases Clin 
Cancer Res 1997-3:1623-8. 

19- Hewin RE, Leach JH, Powe DG, Claik LM, Cawston TIE. Tomer DR. 
Distribution of collagcnase and tissue inhibitor of mctalloproteinascs 
(TIMP) in colorectal tumours. Int J Cancer 1991;49:666-72. 

20. Zeng ZS, Cohen AM. Zhang ZF. StctJer-Sievenson W. GulMcm JG. 
Elevated tissue iDhibitor of metaUoproleiiiasc J RNA in colorectal 
cancer -stroma conelatcs with lymph node and distant metastases. Qin 
Cancer Res I995;J:899-906. 

21. Holtcn- Andersen MN, Stephens RW, Niel&en HJ. Muipby G, Chris- 
lensen IJ, SleUer-Slcvcnson W. Bruimcr N. High preoperative plasma 
tissue inhibitor of metalloproleinase- 1 levels aje associated with short 
survival of patients with colorectal cancej. Clin Cancer Res 2000;6: 
4292-9. 

22 Obcrg A, Hoyhtya M, Tavelin B, StcnJing R. Undmark G. Lmiiied 
value of preoperative seroni analyses of mairi^i meialloproteinases 
(MMP-2 MMP-9) and tissue inhibitors of matrix meiaHoprotcinases 
(TIMP-1, TIMP-2) in coloicctaJ cancer. Anticancer Res 2000:20- 
1085-91. 

23. Pellcgiini P; Coniasta 1. Berghella AM, Gaigano E. Mammai eDa C 
Adomo D. Simultaneous measurement of soluble caicinocmbryonic 
antigen and the tissue inhibitor of melallopioieinosc TlMPl scjum 
levels for use as markers of pre-invasivc lo iiivasive colorectal cancer 
Cancer Immunol Immunoilier 2000;49:388-94'; 



24. X^ondahl-Hansen J, • Christeiisen U,; kc^imqtust Q Branner N 
Momidsen HT, Dane K. Blicbat-Tofl Ml High lev^te of m^Ainase-' 
tfpc plasminogen activator and its inhibitor PAIrJ in cytosolic ex- 
^ctsrf>«a^c^OTproas are associate^ 

25. Nielsen HJ. Pappot H, Christenscn BinmiiCT Tiii^acms-Ussing 
O, Moesgaard F, DaiK> K, Grtmtol-ilanscn J. Asso<3^ 

plasma; concentratioiis of i^asmmogen activator infaibitor-I and sur- 
vival in patients with colorectal cancer. BMJ 3998;31 6:829-^30. 

26. Vfind T, Hansen M» Jensen JKj. Xndreasen PA^.Tbc molecular basis 
for ahti-pioteolyiic aod nan-protco!ytic functions of pSasanno^'en ac- 
tivator inhil»t<i(r typ©-l: rrfes of the reactive centre loop. die*shuttc!r 
region, the flexible joint region and the siiiaU.scnnn fiafinenL Biol 

. Cbcm 2002;383:21-36i- - . • . , *^ r 

V. Ne»cUp,TWttyjp,Kodgeis ^VH,Mat^^ 
, localization of matrilrdegradtngmebOoiin^ 
tjttnwigcncsis. Mrf qarcinog 1994;lftl99^ 
28. Tognita T, hvala K . >iatrix metaOopnneinasc$:andtiiss^ of 



mctallopiotciiiases' m colonic adcnomas^additdtaiTinoniSis; Dis Colon 
. Recfimi 1996;39:1255-64. • 
29. 0'ShcaM.TV^enhit)ckF,.WiiUamsonkX Cbc!tE^ 

RB,.RtyncJds JJ, t^odbexty A3, >Eftiipby. a Sto^Srected-tonutioDs 
that ahcr. the inbibitoiy activity of the tissue inlu*bitb>r of metalkorcv 
teinases-l: importance of the N-lfcnoinal legjtii bctwcco cystcme 3 
and cysteine 13. Biochemistry 1992-31:10146^-52, 
30.. Engelhoho LH, Nielsen BS, Ncticl-Ainetl S, Solbcrg H, Chen XD, 
L<^ Garcia JM, Lopcz-Otin Q Yonng XD% Birkedal-Hansen H; 
Dano K, Lund UR, Behrendi N, et al The urojdnase plasminogen 
activator receptor-associated protein/endol 80 is coexpresscd wiih its 
interaction partners urokinase plasminogeri activator receptor and 
matrix roctalloproleasc-I3 during osteogenesis.- Lab Invest 2001:81: 
1403-14- 

31. Pyke C. Ralfldacr E, Huhtala P, Hurskaincn T. Dano IQ^ T^ggvason 
K- Localization of rncsscn^er KbtA for Mr 72,000 arid 92»00D type rv 
coDagenases in human skin cancers by in sim byliidSzation. Cancer 
Res 1992;52:1336-41. 
.32. Nielsen BS, Rank F. Lopez JM, Balhin M, Vizoso F, Lund LR, I>ano 
K, Lopc2-Otin C CoUagcnase-3 express on in breast myofibroblasts 
as a molecular marker of transition of .ductal carcinoma in sita leSions 
to invasive ductal carcinomas- Cancer Res 2001 ;61 :7091-1 00. 

33- Holten-Arxlersen MN, Brurmer N, Maimonis P, Jensen V, Mmphy G, 
Piironen T. Characterization of nionoclonaj antibodies to tissue inhib- 
itor of metalloproteinases-l. Jonmal of diriical ligand assav 2002*,25: 
87-90. 

34- Sbuhnan Wilde CD, KoWcr G. A better cell line for making 
hybridomas secreting specific antibodies^ Nature 1978;276:269-70l 

35. Hemhry RM, Murphy G, Reynolds JJ. hnmuholocahzation of tissue 
inhibitor of mctalloproteinascs (TTMP) in human cells. Characteriza- 

. , tion and use of a specific antiserum.- J Cell Sci 1985;73:105-19- 

36. Hoitcn- Andersen MN, Murphy G, Nielsen HJ; Pederscn AN, Chris- 
lensen U, Hoycr-Hansen G, Brunncr N, Stephens RW. Qnanlitalion of 
TIMP-1 inpIasmaofhcalihy.blooddonoTS and patients with advanced 
cancer- Br J Cancer 1999; 80:495-503- . 

37. Sappino AP,,I>ieiricb FY, Skalli O, Widgrcn S, Gabbiani G. Colonic 
pericryptal fibroblasts. Differentiation pattern in embryogerjesis and 
phenoiypic modulatjon in epithelial proliferative lesions. Vircbows 
Arch A Pathol Anat Hisiopathol 1989;415:551-7. 

38- Nielsen BS, Timsbel S. Kjcldsen L Sebested M. Pyke C, Bonegaard 
N, Dano K. 92 kDa type JV coUagenase (MMP-9) is exjpresscd in 
neutrc^hils and macrophages but not in malignant epithelial cells in 
human colon cancer, lot J Cancer 1996;65:57'^-62. 
Holicn-Anderscn MN, Christenscn IJ, Nielsen HJ, Stephens RW, 
Jensen V, Nielsen OH. Sorensen S, Overgaard J. Lilja H, Harris A, 
Murphy Brurujer N. Total levels of bssne inhibitor of metallopro- 
tcinases 1 in plasma yield high diagnostic sensitivity and specificity in 
patients with colon cancer. Clin Cancer Res 2002;8: 156-^64. 
Kaye Gl, Lane N, Pascal RR. Colonic pericryptal fibroblast sheaih: 
replication, migration, and cytodiffereniiaiibn of a mcserx;bymal cell 
system in adull tissue. 11. Fine structural aspects of nomial rabbit and 
human colon. Gastroenterology 1968;54:852-65. ^ 
Adcgboye«a PA. Mifflin RC, DiMari. JF, Saada Jl, PoweB DW. 
Immunohistochcmical study of myofibroblasts in normal colonic mu- 
cosa, hyperplastic polyps, and adcuomaious colorectal polyps. Arch 
Pathol Lab Med 2002:126:829-36. 

Poulsom R. Pignaielli M, Slciler-Stcvenson WG, Liotta LA. Wright 
PA, Jeffery RE, Lonociofl JM, Rogers L, Stainp GW. Stromal ex- 
pression of 72 kda type IV collagenasc (MMP-2) and TIMP-2 mR- 
NAs in colorectal neoplasia. Am J Paibol J992;141:389-96. 
Rouyer N, Wolf C, Chenard MP, Rio MC, Qiambou P. BeJJocq JP, 
Basset P. StromeJysin-3 gene expression in human cancer: an over- 
view. Invasion Metastasis 1 994; )4:269-75. 



39, 



40. 



42. 



43. 



206 



HOLTEN-ANDERSEN ETAU 



44. Okada A, BcJlocq JP, RoDyer R Chcpaid MP. Rio MC, ChambOD P, 
ijassei r. Mcmbranc-iypc matrix mctalloprotdnasc (MT-MMP) gene 
IS expressed jd stromal celk of bDman coJod, breast, and bead and 

AC I!??'^^'^'"^^^^ Acad Sd US A 1995;92:2730-4.' 

45. Nicken BS. Sebesied M, Dunn S. Rank F. Timsbel S. Rygaajd J, 
joonsen M, Dano JC Urokinase plasminogen activator is localized i» 

4« xr:^.*^*^*^ '^^^^^ Ifivcst 200i;8J:M85-501. 

46. C«a^BV,>ftds«BS,H0yer^^ 

Uvergaard J, Andreascn PA. Ihc royofihroWast is the predominant 
plasminogen acb valor inhibitor-) cxprtssng coll type in bnman breast 
caranoroas. Aro JPaibo)2003;)S:J887-99 
SSSli^' n O'Snllivan C, OTJiggins FcnnelJy JJ, Ai>. 
oreasen J*. Urobnasc^plasminogcn activator^ a new and indcpcndcDl 
pognosbc marfccr in breast cancfcr. Cancer Res 1990-^6827-9. 

HT, Dano K. BJjcbert TM High Jevek of urokinasc-typc plasminogen 



activator and its inbiWtor PAl-3 in cytosolic extracts breast carci-* 
nomas are assooatcd with poor prognosis. Cancer Res 1 993;53:25 13r 

49. I"<^^nM^ans«Ul^elscnHJ,Ai»drcascnPA,H^cr-HansenG 
Ltmd LR^ Dan0 K. Nielsen BS. leading edge myofihrob^ S 
human colon cancer express PAJ-1. Ani J Clin Pathol 2004:122:256- 

50- Sajji^Ko* UK, Vaalamo H Pnolakkaincn P. AiroJa X. Parks 
WQ Karjalamtti-UridsbcTg ML. Enhanced expression of i,^^ 
m^^\9^5^^^^^ ^oinlesiinal nlccai Am J Pad^S. 

51. McKaigBQMcWiIIiamsD,WatsonSA.MahidaYR.Ex^ 

regulation of tissue inhibitor of mctalloprotemasc-l and matrix mel- 
a)Jqprotemas« by intestinal. myofihroWasts in jnflaminatory bowel 
disease. Am J Pathol 2003;! 62:1355-1360 • 






-5 



r : ^ ^^^^^ 



INTERNATIONAL 



Journal 



if Cancer 




iDtemational Union Against Cancer 



^UICG 

global cancer control 



1^ 



J, S£FiiUN;Pte^dent (USA) * 
LJ: Denis, Treasurer CBe}o^iim) 
• J. BAiry, Chsar, Hnance Coxmiuttce (USA) 

G: Briek (Australia) . 
JLC, BURTW (Australia) 
J^Paube (AttstraHa) 
KLA. DiNSHAW .(India) 

ELOVAiNip (Fhiland) * 
MJC GospopAROWicL (Canada) 
JtX Hudson (IreJand) 

f. KiiAUAwx (Ja paiO ^- ^— - 

A. PuNDAiJK KuRiOJRE (India) 
R JEi Lenhard (USA) . 
A, IxoMBART-BoscM (Italy) 



COUNCIL 



M; LuwiA (Indonesia) 
C.Maujnsw(UK). 
IH. Makcuesi (Brazil) 
HJF. Mjooelson (USA) 
K. NitsspN (Sweden) 

S. QMAJt (Egypi) ' 
T, Phiup (Pja»cc) 



R RDBJWS6M. Past l^esidcnl ilsraeJ) 
Y. Saloojeb (South Afiica) 
H. Sancbo-Garnder (France) 



RJ. SCHWEOTHl (USA) 
O. SoRBEDE (Norway) 
K- Tajima (J^an) . 
W. Weber {SwitzerJand) 
.S.WjuaNSQN(WC) 
D.2acks(USA) 
D. Zajodze (Russia) 
Y. Hiii Zhang (ChiDa) 
M. ZiY (Israel) 
It zwR Dausen {Gennany) 



UICC, URL: btipJAvww.niccorg 
UICC, E-mail: info@ujcc.org 



Tbt Ititeroa^osal Umob A^nst Cancer (UJOC) is devoted exclusively to all aspects of the wotid-vinfiit Rg^i a^nst cancer. Its obfcciives arc to advance sdcnti^: 
and jDcdkal Juu>wJcds& 10 research, (tiagnosis, trcatmcDt and prtvcntion of cancer, and to promoie all other aspects of the camp^gn against cancer thnxishout the woild 
Paniculair cmpt^i h placed on professioiuJ and puMic education. 

Founded to ]933. the UICC is a j>on-«oventnMaitat indepeiMlcnt.associaxioii of more than 290 jtaxtiixs organizatSons m over SO countries. Members are vohmtaty 
caikcer icz^oa and societks^ cancer lesearch and/or treatnicnt centers; and to some couDlries jn&iistries of beahhi 

The UKXZ is noa-profit. Doo-political. and nonrseciarian. Its headquaners aic in Gencrv^ Svotzedand It oxaics and canies ont po gy am s around the world in 
cdttabcfaticsk with hundreds vohmitcr experts. Suppotted by iDeii^>aship dues; t>aiiDpal sobsaipdonSt eiants and donaticms« hs annual tmdlgei is about US S4 TiiiTlicwi. 

The. UICC is'goven»ed by its members wMch meet in General Assembly every 4 ycais. Its elected Council and Executive Conamttee are respoosible for Program 
structure and impleiDeDtation. 



The U1.CC organizes fca imematioDal Cancer Congress every 4 yean as wcH as annual symposia wor):sbops, and traimDg cootses., h poUishcs the SraermmoTwI . 
Jountat cf Cancer (30 issues per year), VJCC News (quarter^). li^ JniematioiujS Calendar cf Meetings on Cancer (tn-anmianyX snd' a ntmiibcr of technical rcpoFTls^ 
leitboo^u and iDanuals. 



SUBSCRIPTION INFORMATION 



o 20Q5 Wiley-Liss, Inc., a "Wiley Compaiiy. AD rSgbts Tcserved, No part of this publication jonay 
lie reproducect in any farm or 1^ any means, except as permitted under sectjosn 107 w JOS of 
ihe 3976 Uoited S^tes Copyright Act^ witlicmt either the prior written permissaon of the 
publisher, or anthorization through the Copyright Clearance Center, 222 Rosewood Ihivc, 
Damvers, MA 01923, telephone: (978) 750^400, fax (978) 750^470. Requests to the publisher 
for permisisiQn should be addressed to the Permissjoos Department, c/o John Vfiley & Sons, 
Inc, 111 Kiver St, Hoboken, NJ 07030. Fax; (203) 748-6008; Tel.: (201) 748-6013; hitpM 
r.wHey.com/gQ/permissioxis. 



luternationa] Journal of Cancer {Print ISSN 0020-7136; OnHne ISSN 3097-0215) is 
puhHshed 30 times a year, semi-monthly with extra issues in January, March, May, July, 
September, and November, by Wiley^lisE, Inc., thi^gh Wiley Subscription Services, hoci, a 
Wiley Company. Send subscription inqiiiries in care of John Wiley & Sons, Inc. Attn: 
Journals Adncdn Dept X71C 333 River St., Hoboken. NJ 07030, (201) 748-6645. 
Advertismg inquiries should he addressed to Advertising Department, cfo John Wiley & 
Sops, Inc. Ill River SL. Hoboien, NJ 07030. Telephone: (201) 748-6921. 
Ofiprini sales and inquiries should be directed to the Customer Service Department, in 
care of John Wiley & Sons, 331 River St., Hoboken, NJ 07030. Telephone: (201) 748-8776. 
Subscription price: Volmnes 333-337, 2005 (30 issuesX Print only: $2,905 worldwide. 
Blectroxiic ordy: $2,905 worldwide. A combination price of $3,195 W€?r}dwide includes the 
suWcription in both electronic and print formats. A speda) personal- rale is available to 
individuals for $295 worldwide. All subscriptions containing a print element, shipped outside 
the U.S., will be sent by air. Payment must be made in U.S. dollars drawn on U.S. bank. 
Periodicals postage paid at Hoboken, NJ and at additional mailing offices. Postmaster: send 
address changes to INTERN ATIOM.M, JOITRN.^L OF CANCER, Subscription Distrib>itjon, 
c/o John Wiley St. Sons, Inc., 113 River St., Hoboken, NJ 07030. Change of address; Please 
forward lo the subscriptions address listed above 6 weeks prior to move; enclose present 
making label with change of address. Claims for missing issues: Claims for undelivered 
copies "will be accepted only after the following issue has been received. Please enclose a 
maihng iabel er cite your subscriber reference number. Missing copies -wjl) be supplied when 
losses have been sustained in transit and where reserve stock permits. Si^d claims in care of 
John WiJey & Sons, Inc., Attn: Journals Admin Dept UK, 333 River St., Hoboken, NJ 07030. 
Indexed by: EMB.^E/Excerpta Medica • Current Conteuts/Life Sciences • Science Citation 
Index • Scisearch • BIOSlSDala Base « Index Medicus • Cambridge Scientific Abstracts • 
Chemical Abstracts * Reference Update " Smoking and Health Database. 

Ti^s jovirniil is printed on acid-fres paper. 



rt^TERNATlONAL JOURNAL 
OF CANCER 

2005 Wiley-Liss, Inc. . 

The International Journal of Cancer is 
published for the Iriiemational Union 
Against Cancer by Wiley-Liss, Inc., a di- 
vision of John Wiley & Soiis, Inc. Five 
volumes are issued annually, each consist- 
ing of six numbeis. 

Abstracting and other joinnals may re- 
print the sunnnaries of articles without re- 
questing aulhorizalion. Authors alone aje 
responsible for views expressed in signed 
articles. The mention of specific compa- 
nies or of certain maniif acnirers' products 
does not imply that ihey are endorsed or 
recommended by the Iniemational Union 
Against Caiyccr. 



References: When quoting from Oie 
IntemoTional Journal of Cancer, 
please use the official abbreviation: 
7/if. 7. Cancer 



" niSSS^^ '^"g:^*^^^^^^ Related Artic.es. Un.cs 



! irtrerScJetice" 



Tissue plasminogen activator induced by dengue virus infection of human 
endothelial ceUs. 

Department of Microbiology and Immunology. College of Medicine, National Oieng 
Kung University, Tainan, Taiwan, ROC. ^ 

Dengue hemoirhagic fever and dengue shock syndrome (DHF/DSS) are severe 
comphcations of dengue virus (DV) infection. However, the pathogenesis ofhemonhage 
induced by dengue virus infection is poorly underetood. Since endothelial cells play a 
pivotal role m the regulation of hemostasis, we studied the effect of DV infection on the 
produchon of tissue plasminogen activator (tPA) and plasminogen activator inhibitor 1 
(PAI-l)m vitro using both primary isolated endothelial cells, human umbilical coid veins 
cells, and a human microvascular endothelial cell line. DV infection significanfly induced 

endoth^ehd ee ls was induced by DV as demomtrated by Rt-PCR. Antibody a^^ 
but not control antibody inhibited DV-induced tPA production of endothelial cells 
Furthermore, a good correlation between sera levels of IL-6 and tPA was found in DHF 
but not DF patients. These results suggest that lL-6 can regulate DV-induced tPA 
production of endothelial cells, which may play important roles in the pathogenic 
development ofDHF/DSS.Copyriglit 2003 Wiley-Liss. Inc. 
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Neu oncogene expression in ovarian tumors: a quan«tative study. 
EmmrFC, Carnal fjaberSP, DeLelHsRA. Mcmbrino W WnlfV>m 
Department of Pathology. Tufts University School of Medicine. Massachusetts. 

Zl^^^Tr^'' "'^Ti°l^^'^'' ^^'^'^ and protein product expression by 
capture BLISA and immunohistochenustry in 57 primary and metastaUc ovarian 
neoplasms, two paraovarian leiomyosarcomas, and eight normal ovaries. Some 61% of 
ovanan tumors but none of the paraovarian neoplasms or normal ovaries overexpressed 
neu mRNA. A total of 96% of the ovarian tumon. that overexpressed n?u weS 
epithelial type Epithelial ovarian tumors had significantly higher amounts of the neu 
oncogene product as determined by caphure ELISA than either germ cell and stromal 
^orsornomialovaries(plessthan0.025). Different 

had sigmficantly different amounts of neu oncogene product as measured by capture 
ELISA; endometnoid tumors had the highest, and poorly differentiated carcinomas not 
otherwise specified had the lowest (p less Uian 0.025). ELISA valUes mRNA 
overexpression. and immunohistochemical staining intensity did not wrrelate with stage' 
atdiagnosis or archit^ttiral or nuclear grade in ovarian tumors. We conclude that captoe 
tUS A IS a simple, effective way to measure the neu oncogene protein product and that 
there IS a good correlation between ELISA levels and immunohistochemical staining 
intensity. However, ELISA values did not correlate with stage or histologic prognostic 
factors in ovanan neoplasms. ^ f 



PMID: 1353878 [PubMed - indexed for MEDLINE] 
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Real-time quandtative RT-PCR of cyclia Dl niRNA in mantle ce^^^ 
lymphoma: comparison with FISH and immunohistochemistiy. 

HujP, jBtowcjG, Crouch J, Nimmakavalu M . Qumstveh MB. TaUini G FIvn n SD 
Smith BR . ^ ' 

Department ofLaboratory Medicine, Yale University School of Medicine 333 Cedar 
Street, P.O. Box 208035, New Haven, CT 06520-8035, USA. 

Presence of the balanced translocation t(ll ; 14)(q 1 3;q32) and the consequent 
overexpression of cyclin Dl found in mantle cell lymphoma (MCL) has been shown to be 
of important diagnostic value. Although many molecular and immunohistochemical 
approaches have been applied to analyze cyclin Dl status, correlative studies to compare 
different methods for the diagnosis of MCL are lacking. In this study, we examined 39 
archived paraffin specimens from patients diagnosed with a variety of 
lymphoproliferative diseases including nine cases meeting morphologic and 
immunophenotypic criteria for MCL by: (1) real-time quantitative RT-PCR to evaluate 
cyclin Dl mRNA expression; (2) dual fluorescence in situ hybridization (FISH) to 
evaluate the t{l 1;14) translocation in int^hase nuclei; and (3) tissue array 
immunohistochemistry to evaluate the cyclin Dl protein level. Among the nine cases of 
possible MCL, seven cases showed overexpression of cycHn Dl mRNA (cyclin Dl 
positive MCL) and two cases showed no cyclin Dl mRNA increase (cyclin Dl negative 
"MCL-like"). hi six of seven cyclin Dl positive cases; the t(l 1;14) translocation was 
demonstrated by FISH analysis; in one case FISH was unsuccessful. Six of the seven 
cyclm Dl mRNA overexpressmg cases showed uicreased cyclin Dl protein on tissue 
array nnmunohistochemistry; one was technically suboptimal. Among the two cyclin Dl 
negative MCL-like cases, FISH confirmed the absence of the t(l 1 ; 14) translocation in 
both cases. All other lymphoproliferative diseases studied were found to have low or no 
cyclin Dl mRNA expression and were easily distinguishable from the cyclin Dl 
overexpressing MCLs by all three techniques, hi addition, to confirming uie need to 
assess cyclin Dl status, as well as, morphology and immunophenotyping to establish the 
diagnosis of MCL, this study demonstrates good correlation and comparability between 
measureofcyclinDl mRNA, the ll;14translocationandcyclinDl protein. 
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Elevation of topoisomerase I messenger RNA, protein, and catalytic 
activity m human tumors: demonstration of tumor-type specificity and 
implications for cancer chemotherapy. 

Husain I. Moliler JT.. Seigler HR Besterman .TM 

SS^Slifa^^^^^^^^^ "^^^ ^--*^-«^te. Research Triangle Padc. . 

Topoisomerase I has been identified as an intracellular target of camptothecin a plant 
S^'^h^r, ^t'cancer activity. Various lines of evidence suggest that the sensitivity of 
celh to th.s drugis directly related to the topoisomerase Icontent. In humans, the levels 

oftopoisomerase I have been shown to be elevated in colorectal tumors, compared to " 
nonnal colon mucosa. The aim of our study was to determine whether (a) topoisomerase 
I levels are elevated m other solid tumois, (b) the elevated enzyme is catalyticaUy active 
m ttiese tumors, and (c) the mcrease in topoisomerase I levels in colorectal tamois is a 
result of mcreased transcription or translation. Topoisomerase I levels were quantitated in 
crude extracts from colorectal, prostate, and kidney tumons and their matched normal 
count«parts by Western blotting and by direct determination of catalytic activity and 
mRNA levels were detennined by Northern blotting. By Western blotting, colorectal 
tumors showed 5-35-fold increases in topoisomerase 1 levels, compared to their nonnal 
colon mucosa. In the casd of prostate tumors, the increase was 2-10-fold, compared with 
benign hiT,eiplasac prostate tissue from the same patients. However, no difference was 
observed m topoisomerase I levels in kidney tumors, compared to their normal 
counteiparts. The catalytic activity of topoisomerase I was determined by a quantitative 
i2P-transfer assay m crude homogenates. without isolating nuclei. Colorectal and 
prostate tumors exhibited 1 1-40- and 4-26-fold increases, respectively, in catalytic 
activity. However, kidney nimors did not show any alteration in catalytic activity 
compared to their normal matched samples. Thus, for all three tumor types there was a 
good correlation between enzyme levels and catalytic activity. Finally, colorectal tumors 
were analyzed for steady state mRNA levels. A 2-33-fold increase in mRNA levels was 
tound in colorectal tumors, compared to normal colon mucosa. These results suggest that 
alterations m topoisomerase I expression in humans are tumor type specific and that the 
increase in topoisomerase 1 levels results from either increased transcription of the 
topoisomerase 1 gene or increased mRNA stability. 
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High-level mRNA quantification of proliferation marker pKi-67 is correlated 
with favorable prognosis in colorectal carcinoma. P'^'-o ^ 'S correlated 

to^LoU, Schwafaeja^, Umsi^, mu^, muchm, BroIlE, WinMH, 
G.S^^ ^ ^-«^-o»ogie. Schmer^erapie und Intensiv^edizin. Saarlouis. 

rilS?-^"^'' ^T"* '^''^ retrospectively examines the expression of pKi-67 iriRNA and 
protein ,n colorectal carcmoma and their correlation to the outcome of pifents 
mmunoh,stochem.stry and quantitative RT-PCR we.^ used to an%zeS?xpreSTL7 
in 43 archival specimens of patients with curativelv resectfiW nrim?™^^i .P[^^^'°" P^^'-O' 
were not treated with neo-adjuvant theranrRESi rT^^^ 
labeling index of 3,.3o/o (^e W3^^!%SiIL''r:^^^^ 
range 0.01-0.69); indices and levels did not correlate. HigS-67 ^A '^^^^^^ 
associated with a significantly favorable prognosis, whTp&'IaS^g^'Ji'^^^^^^^^ 
' f ^ ™"Itivariate analysis of clinical and b olo^arS^ 

JewVolLSdi"^^^^^ 
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Modulation of glucagon receptor expression and response in transfected 
. uuman embryonic kidney cells. 

Ikegami T, Cypcss AM . Boiiscarel B , 

Departaent of Medicine, George Washington University Medical Center, Washington 
Distnct of Columbia 20037, USA. ^ ' 

The n,odulation of glucagon receptor (GR) expression and biological response was 
investigated m human embryonic kidney cell (HEK-293) clones pemianently expressing 
the GR with different dens.Ues. Hie GR mRNA expression level in these clones was 
upregu ated by cellular cAMP accumulation and presented a good correlation with both 
the protem expression level and the maximum number of glucagon binding sites 
However, the determination of glucagon-induced cAMP accumulation in tliese cell lines 
revealed that the enhancement of receptor expression did not lead to a proportional 
mcrease in CAMP formation. Under these condirions. the maximum cAMP production 
induced by NaF and forskolin was not significantly different among selected clones 
regardless of the receptor expression level. High receptor-expressing clones showed' the 
greatest susceptibility for agonist-induced desensitization compared with clones with 
lower GR expression levels. The results of the present study suggest tiiat the GR can 
recnntnon-GR-specific desensitization mechanism(s). Furthemiore. the partial inhibition 
or alteration of the overall cAMP synUiesis pathway at the receptor level may be a 
necessary adaptive step for a cell in response to a massive increase in membrane receptor 
expression level. 
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Developmental regulation of acidic fibroblast growth factor (aFGF) 
expression in bovine retina. 

Jacauemmj;Jon^ 

Unite de Recherches Gerontologiques, U. 1 1 8 INSERM, Paris. France. 

Acidic fibroblast growth factor (aFGF) is a signalling molecule implicated in a wide 

vanetyofbiological processes such as cell growth, differentiation and survival It has 
been punfied from bovine retina: The present study was carried out to detect which cells 
ra the bovine retma expressed aFGF at the different stages of embryonic and post-natal 
development. The specific aFGF mRNA and protein were detected by in situ 
hybridization employing riboprobes and immunocytochemistiy using affinity purified 
polyclonal human recombinant aFGF antibodies respectively. No signal was detected by 
either techmque until 4-5 months and then there was progressive expression of aFGF 
with terminal morphogenesis of the retina. By 8-9 months of embryonic development 
nuclei of the 3 neuronal layers (ganglion celMayer, inner ahd outer nuclear layers) we^e 
aU uniformly and intensely labeled. A slight labeling of the pigmented epithelium of the 
retina.was also visible throughout development and maturation. These results showed a 
good correlation between message and protein expression in these cell types. In contrast 
ghal cells m the nerve fiber layer and vascular endothehal cells displayed a nuclear 
immunostaining for the protein in the absence of message. These data suggest that aFGF 
plays a role m the late steps of retinal differentiation by autocrine and paracrine 
mechanisms. 
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the p21(Cipl) protein, a cyclin inhibitor, regulates the levels and the 
intracellular localization of CDC25A in mice regenerating Uvers. 

JaimejVt PhMMI. SerratosaJ, PantojaC, Canela N. Casanovas Q. S^rra.m M 
Agcll N. Bachs O . " ~ ' ' 

Dq)artmentof Cell Biology and Pathology. Faculty, of Medicine. Institut d'Investigacions 
Biomediques August Pi Sunyer (IDIB APS), University of Barcelona. Barcelona, Spain. 

Liver cells from p21(Cipl -/-) mice subjected to partial hepatectomy (PH) progress into 
pNA synthesis fester than those from wild-type mice. These cells also show a premature 
induction of cyclm E/cycIin-dependent kinase (CDK) 2 activity. We studied the 
mechanisms whereby cells lacking p21 (Cipl) showed a premabre induction of this 
activity. Whereas the levels of CDK2. cyclin E. and p27(Kipl) were similar in both wild- 
type and p21(Cipl-/-) mice, those of the activator CDC25A were much higher in 
p21 (Cipl-/-) quiescent and regeneraUng livers than in wild-type animals. Moreover, 
p21(Cipl-/-) cells also showed a premature translocation of CDC25A from cytoplasm 
into the. nucleus. The ectopic expression of p21(Cipl) into mice embryo fibroblasts from 
p21 (Gtpl-/-) mice decreased the levels of GpC25A and delayed its nuclear translocation 
The levels of CDC25A messenger RNA in p21(Cipl-/-) cells were higher than in wild- 
type cellsj suggesting that this increase mi^t be responsible, at least in part, for the high 
levels of CDC25A protein in diese cells. Thus, the results reported here indicate that 
p21(Cipl) regulates the levels and the intracellular localization of CDC25A' We also 
found a good correlation between CDC25A nuclear transiocation and cyclin E/CDK2 
activation. In conclusion, premature franslocation of CDC25A to the nucleus might be 
involved m the advanced induction of cyclin E/CDK2 activity and DNA replication in 
cells from animals lacking p21(Cipl). 
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Alteration of frizzled expression in renal cell carcinoma, 
Janss cns N . Andries L. Jamcot M, Perera T. Bakker A . 

Departmmt of Biochemisby, UniverciJy of Antwerp, Wnrijk, B^^^^ 
njansse9@prdbejnj.com j e n. 

s^JL Z7u ' ""^^V^ ^ *^ 30 different human t4or 

samp es and their conrespondmg (matched) normal tissue samples usine real-time 
qu^tuative PGR. Wcobserved that th.mRNA .evei of FzdS w^r^^Z'L^ased in 
8 of 1 1 renal carcmoma samples whilst FzdS mRNA was increased in 7 of 1 1 renal 
^noma samples. Wester, blot analysis of crude membrane fractions revealed that 
FzdS protein expression m the matched tumor/nonnal kidney samples correlated with the 
observed mRNA level. Wnt^eta^tenin signaling pathway activation was confinned bt 
Uie increased expression of aset of target genes. Using a kidney tumor tissue Fzd? 
protein expression was mvestigated in a broader panel of kidney tumor samples FzdS 
membrane staming was detected in 30% of clear cell carcinomas, and there was a Son. 
correlation v.th nuclear cyclin DI staining in the samples. Our d;ta suggestSt « 

"'T'" "^r''^' °f ^^'"•'y' downstream^Lgets. 

provide alternative m«=hanisms leading to activation of the Wnt signaling pathway in 
renal carcinogenesis. Fzd family members may have a role as a biomaricer 
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Abstract 

To evaluate the involvement of frizzled receptors (Fzds) 
in oncogenesis, we investigated mFlNA expression lev- 
els of several human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
(matched) normal tissue samples,. using real-time quan- 
titative PCR. We observed lhat the mRNA level of Fzd5 
was rnarkedly increased in 8 of 11 renal carcinoma sam- 
ples whilst FzdS mRNA was increased in 7 of 11 renaJ 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that FzdS protein expres- 
sion in the matched lunior/nprrpal kidney samples corre- 
lated with the observed mRNA level. Wnt/p-catenin sig- 
naling pathway activation was confirmed by the in- 
creased expression of a set of target genes. Using a kid- 
ney tumor tissue array, FzdS protein expression was 
investigated in a broader panel of kidney tumor samples. 
Fzd5 membrane staining. was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cycliri Dl staining in the samples. Our data sug- 
gested that altered expression of certain members of the 



Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation, of the W'^t 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as a biomarker. 

'■ Ccpynght C 2004 5. Xir ©er AG. B*s«l 



Introduction 

The Wnt signaling pathway is evolutionary conserved 
and controls many events during embryonic deveJop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell fate [1,2]. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3]. 

The Wnt signaling pathway is activated when Wnt pro- 
teins bind to a cell surface receplor complex consisting of 
a member of the frizzled receptor (Fzd) family and either 
low-density-lipoprotein receptor- related protein (LRP)5 
or LRP6 (4, 3]. A dctaJJed characterization of the Fzds. 
and the immediate downstream events after Wnt binding 
has been hampered by the lack of pure biologically active 
Wnls. 

Downstream of the receptor complex, three pathways 
may be initiated, depending on the composition of the 
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ligand and receptor complex The 'Wnt/p-caienin path- 
way', the 'Wnt/Ca-* pathway' or the Wnt poiarity path- 
way' [6]. The Writ/p-caicnin pathway has been linked to 
carcinogenesis. Genetic alterations in components of this 
pathway (adenomatous polyposis coli, APC, a^tin and 

. cat en in) can result in the accumulation of non-phosphory- 
Jated P-calenin [3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca-* pathway nor the Wnt 
polarity pathway involves the activation of P-catenin |for 
review, see ref 1, 6]. 

Mutations in one of the three regulatory genes (APC, 
^catenin and axih), overexpression of Wnis and Fzds or 
the expression of a const it utively active Fzd have been 

. linked lo Wnt/^-catenin pathway activation in various 
tumors (8, 9]. 

To evaluate the irt volvemeni of Fzds in oncogenesis* 
we investigated mRNA e;tpre5sion levels of several hu- 
man F2ds (F2d2, 3, 5, 6, 7. 8 and 9) in more than SOdifTerr 
ent human tumor samples lisihg real-time quantitative 
PGR. Each sample was compared with its corresponding 
(matched) normal tissue sample. The most striking obser- 
vation was the dramatically increased FzdS and FzdS 
mRNA expression seen in the renal carcinoma samples. 
TTiis was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed FzdS 
membrane staining in 30% of clear cell carcinomas, with 
nuclear cyclin Dl showing a strong correJaiion with the 
F2d5 membrane labeling. F2d8 protein expression analy- 
sis was not performed due to the lack of suitable reagents. 
These data suggest that FzdS may have a role in renal ceil 
carcinogenesis due to its frequent overexpression obt 
served in these tumor samples. Potential future applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



30 dear cctl renal carcinoma samples and anolhcir 20 renal celt tumor 
types tchromophj)» chromophobe, papillary type, cotleciing duct car- 
cinoma and samples with mixed lypc5)i 

RNA Isolation and Reverse Transcription 
Total RNA was cxiracled from tissue specimens using l/Jtraspcc 
Reagent (Bioiccx, USA) according to the maDur3Cture;.*s instruc- 
tions. All total RNA was routmcly treated wiih DNasc (DNA-frec kit, 
Ambion, USA). 1 pg of tbral RNA was used to synihesize cDNA 
usirjg oiigo-dT primers (Superscript; Inviirogen, Mcrelbckc, Bel- 
gium)L Reverse transcription was performed at 42 'C for 60 min» fol- 
lowed by 70 ' C for 1 0 niin. 

/teal-Time PCR . 

Rcat-time PCR was pcrTormed on either an ABI Prism 7700 or 
7900 Sequence detection sysicm (ferkin-Bmer Applied Biosyslcms, 
Foster City/Calif., USA) using the 5' nuclease Sssay (Taqman"^ ' 
Primer and probe sequences were designed using Primer press (PE 
Applied fiiosystcms) and are shown in table t. Quantitative values, 
were obiajncd from the ihrcshold cycle number (Ct) at which the 
increase in the signal associated with exponential grovih of PCR 
products is delected using P£ Biosysi cms analysis software, accord- 
ing to the manufacturer's instructions. . v 

We have used the 2- a AO method lo analyze the relative changes 
in gene expression of the different ge;)e$ between tumor and corre- 
spond t;ig normal tissue samples. We used the mitochondrial ATP 
synthase 6 (ATPsy6) as the endogenous RNA control pO; Jansscns et 
at., in prep.), and each sample was normaliicd to its ATPsy6 content. 
The relative expression of the target gene was also noniDalizcd to the 
corresponding nonnal tissue sample (calibrator). Results, expressed . 
as the amoum of target sample relative lo.lhc ATP5y6 gene and the 
calibrator, were determined as foUowj^ N - 2-»AOMmpk- AOm^bntor)^ 
where the ^Cl values of ihc sample and calibrator were determined 
by subtracting Ihc average Ct value of I'he sample and the calibrator 
from Ihc average Ct value of (he ATP3y6 gene. Amplification v»-a$ 
done csschlially as described previously 1 10]. Briefly, 50 mI of reac- 
tion mixture containing I pi of cI)NA template were* amplified as 
follows; incubation at 50*C for 2 roir), dcnaiuration at 95 "C for 
1 0 min, and 50 cycles at 95 "C for 15 5 and 60 for I min. 



Materials anci Methods 

Tisnte Somp/ej 

Frozen tumor tissue samples with corresponding normal tissue 
from the same patient were derived either from human biopsy or 
autopsy material (Department of Pathology, University of Antwerp, 
kindly provided by Prof. JEL Van Marck). Tissue specimens were 
snap-Trozen in liquid nitrogen and kept at -80*C until use. Frozen 
sections of kidney lumor and normal tissue samples were stained 
with hcmaioxylin-eosin to support the pathologist's observations and 
to confirm the lypr of kidney tumor. Paraffin-embedded tissue slides 
of rcnsi carcinoma, lung carcinoma, breast and colon carcinoma 
were obroincd. aficr encryption, from (he Dcpanmcnl of Paihology 
(Middtlbcim Hospital. Ahiwcrp. Belgium). The CLI human kidney 
cancer (Super BioChips Laboratories) tissue array used in this study 
contained 59 tissue samples consisting of 9 normal kidney tissues. 



Membrane Preparation, Gel Efecirophoresis and Jmmvnobhning 
Tissue samples were weighed, suspended ai a 40 limes dilution 
1= AO volumes/original wet weight of tissue (v/w)J in 50 mM tris- 
HCI buffer, pH 7.4, and homogenized with an Ullra-Turrax homoge- 
nizer. After ccntrifugation for 10 min, 24,000^ at 4'C. the pellet was 
washed three limes by resuspcnsion in the Tris-HO buffer followed 
by centrifugal ion. The final membrane pellets were stored at -80*C 
in the Tris-HCI buffer at a concentration of 0.5-1 mg/ml. The Brad- 
ford protein assay (Pierce, Aalsi, Belgium) was used for protein deter- 
mination. Proteins (50 pg) were separated by 3% SDS-PAGE and 
transferred to nitrocellulose membranes. After primary and second- 
ary antibody incubation, the a ntigervahtibody- peroxidase complex 
was detected by chert) ilu min esc cnce (Pierce. Aalst, Belgium) accord- 
ing to the manufacturer's insirjciions. 

Jmmtt/iohisioc/iemhtry 

Immunohistochcmislry was performed on I a^juVy-ihick cryoscc- 
(ions of unfixed tumor tissue and on 6-piV-ihick para/Tin Vctions 
fiom renal tumor tissue fixed by formalin or by an alcohol-based ftxa- 
rive. Adjacent tissue blocks from renal tumors were processed with 
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Table 1. Rcol-iime PCR primer ond probe sequences 



TprgeicDN>^ 


[ Primer/probe sequences* 


Fragrocm 
position^ 


Accession 
No/ 


F2D2 


(a) 5'-alccc^tgcccggc-3' 

(b) 5'-gialtlgaicaiglagaccgtgaagtc-3' 


1,548-1,613 


AB0I7364 

• 


FZD3 


(a) ^'.|cacgccagtgcatggg-3' 

(b) 5'-ugicaccncaa U t la 1 ica tcg-3' 

\s.f J T Mm'VdicTctxggaaciciaacriraicaiCCiiii- i/\xvjrt/\-j 


1,473-1347 


- AB039723 


F2D3 


(a) 3'-igcca3ggicac!lcceiii-3' . 

(b) 5''rctccaagicgccgcg"3' 

(c; J -rAfvi-ccncaiggi£cigiigccccc- 1 AMKA-J 


2j43-2;:04 


HSU433I8 


FZD6 


(a) 5'-<:iagcacccccaggllaag3gaa-3' 

(b) 5'-cccagagagiclggagaiggat-3' 

(c) 5'-FAM-iglgglgaacc|gcctcg!Ccag-TAMRA-3' 


2,094-2, J 70- 


AF072873 ■ 


F2D7 


(a) 5'-cciglgga3aggcataacigtg-3' 

(b) 3'-aaccaacgggaaaccicaga-3' 

(c) 5'-FAM*aa^caacilt tataggcaaagcagtgcaa-TAMRA-3' 


2:687-2,762 


AB017365 


F208 


(a) 5MgiggicEg|gcicigcU-3' 

(b) 5'-CEcrccatgtcg3laaggaag-3' 

(c) 5'-FAM-ccaccttcgccaccgtctcc3-TAMRA-I* 


853-919 


' ABP43703 


FZD9 


(a) 5'-ccqcgggagciacggac-3' * 

(b) 5MaElcalglgcaagacc3cgg-3' 

(c) 5'-FAM-tggcacgC3ctgcc3c!alaaggci-TAMRA-3'. . 


1.69^1,763 


HSU82169 


ATP5y6 


(a) 5''ggtgi2ggigtgccM£iggi-3' 

(b) 5 -gg|;cgcagtgal!alaggc|l*3' 

(c) 5 -FAM-aagigggctagggcattilt3a!cilagagcg-TAMRA-3' 


. 380-303 


AF36827I 


c-myc 


(a) 5 -accaccDgC3grgacictga-3' 

(b) 5'-lccagcagDagglg3iccagac4-3* 

fc) 5'-FAM-accllilgcc3ggagccigcctcl-TAMRA-3' 


1.297-1,413 


HSMYCI 


CyclinDl 


. (a)5'-g3acciggccgcaaigac-3'- 

(b) 5'-cgcctciggcDirilgga-3' 

(c) 5'-FAM-ccEcacgamca»gaacacii-TAMRA-3' 


4,148-4,211. 


AF5 1 1593 




(a) 5'-agcaiccicaccggcaaa-3* 

(b) 5'-gicicga(gicg(ggotcaca-3' 

(c) 5'- FAM-ccagccacacggcgccct-TA MR A-3' 


932-990 . 


NM-006238 . 


' (a) =. Sense primer, (b) = aniisense primer; (c) = probe . * 

Frasmcnl positions arc given according lo Ibe EMBUGcnBank accession No. ofcJoncd sequence. 
« EMBL/CenBank accession No. of cloned sequence. 



rormalin and with ihe alcohol-based fixative. Paraflin and cryosec- 
lions were mounted on poly-Z.-lysinc or 3-aminopropyIiriciboxys>- 
lanc-gelaiin-coated slides. The 59 tissue samples on the CLl human 
renal cancer tissue array slides were, all fixed wiih Toimalin and 
embedded in paralTm. and the seciions were mounied on siJanc* 
coartd slides (Super BioChips Laboratories). In addition to renal car- 
cinoma tissue, seciions from 10 fofmalin-fixed paraffin-embedded 
lung carcinomas were stained for F2d5. Colon and breast tumors 



were used as positive controls for p-caienin and cyclin Dl immuno- 
staining. 

. The following primary antibodies were used: FzdS (Upstate Bio- 
tech nology), p-catenin (Zymed), cyclin Dl (Zymcd).' E-cadherin 
(Novaccstra) and cyiokeratin 8 (Diogcnex). Cryoseclions were fixed 
in 4% paraformaldehyde for 5 min; accione for 5 min at -20*C and 
70% elhanol for 5 min. Endogenous peroxidase, activity was 
quenched using 3% H:0?. Paraffin sections of formalin- and alcohol- 
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Table 2. fziS mRNA compression in tumor samples 



Sample* Tissue 



Tumor lypc 



.x-fold f .xpression increase*' 



FZD2 F2D3 F2D5 FZD6 F2D7 FZD8 . 



F2D9 



133702 kidney adcnocafcinorria 0.17 0.5 X72 2.13 0.06 

137770 kidney renal celj carcinoma 1.23 SJ6 SJ6 2.61 K3 

138844 kidney renal cell carcinoma 0.31 O.IJ 6.S^ J.J8 0.23 

137146 kidney renal cell carcinoma 0.47 0.45 3J6 2.23 0.73 

137564 kidney . renal cell carcinoma . 3,43 2.95 9,6 1.57 7.64 

. 133408 kidney renal cell carcinoma 23S7 0.98 6,39 2.48 - XOS 

139188- kidney renal cell carcinoma 3.7 0.56 0.66 1.33. 0.37 

135699* kidney rcna) cell carcinoma 2.6' 0.36 4J3 6.9 0.34 

139064 kidney renal ceil carcinoma XJ6 J.82 1.25 2.36 1.8 

] 34585 kidney renal cell carcinoma 1.47 0.72 1.38 0.47 0.09. 

140279 kidney jenal eel) carcinoma 7.33 f8J7 3,93 6,05 6.41 



1.32 
8,21 
3.J8 
4,42 
3,52 
16,72 
441 
2.54 
2.19 
M. 
4.65 



5,44 

2.8 

1.37 



K53 
2.31 
2.85 

7,9i 



137252 


ovary 


carcinosarcoma • 


0.4 


339 


0.49 


0.44 


0.92 


0.54 - 


0,53 


138256 


ovary 


papillary carcinoma 


0.7 


.5.17 


1.22 


2.19 


0:4 


0.11 




146472* 


ovary 


serous papillary carcinoma 


* 0.39 


3,29 


2.56 


1.34 


3,94 


.0.67 


Oo? 


145845 


colon 


adenocarcinoma 


3,45. 


3.36 


0.58 


U2 


J.67 


124 


1.99 


146145 


colon 


adenocarcinoma . 


5.46 


6J4 


4,42 


6.57. 


336 


, 6.08 


0.15 


146630 


colon 


adenocarcinoma 


4,01 


4.73 


0.3 


1.16 


0.54 


0.55 


0.12- 


146633 


colon 


adenoca/cihoma 


J. 87 


1:07 


1.62 


1.47 


0.51 


2.07 




147055 


colon 


adtnpcsrcinbma 


0.66 


1.41 


l.OJ 


1.33 


0J4 


.0.79 . 


4.87 


142253 


lung 


adenocarcinoma. 


0-67 


517 


0.43 


' 1.87 


0J3 


0.59 


0.41 


M3036 


lung 


adenocarcinoma 


0.67 


1,24. 


2.63 


1.13 


1.11 


. 1.04 


9.19 


.138938 


Jung 


adenocarcinoma 


0.93 


0.88 


1.07 


1.3 


1.73 


0.38 


0.76 


133563 


Jung 


adenocairinoma 


2.76 


1.23 


0.31 


1.34 


0.99 


0.78 


4,97 


144387 


lung 


adenocarcinoma 


1Z85 


0.43 


0.49 


0.25 . 


2.73 


0.54 




137304 


long 


acinaiy adenocarcinoma 


0.54 


9.15 


1.65 


1.25 


0.63 


3,41 


2.64 


144546 


lung 


epithelial carcinoma 


O.l 


0.67 


0.21 


8,n 


. 0.27 


0.97 


1.32 


137621 


lung 


cpiihelial carcinoma 


1.52 


2.19 


.0.37 


2.26 


0.52 


0.45 


1.06 


145552 


long 


epiiheliaJ carcinoma 


1.09 




0.16 


0.91 


1,47 


0.13 


0,5 


143987 


testis 


embryonal carcinoma 


0.24 


0.6 


J9,43 


1.33 


23.12 


2.43 


0.33 


137332 


siomach 


leiomyoma 


19,32 


3,91 


0.45 


1J3 


18.98 


32.82 . 


16.7 


139026 


stroma 


gastrointestinal carcinoma 


66,t 


3,5 i 


0.03 


6,67 


8,44 


2.28 


20.82 


136049 


reel urn 


adenocarcinoma 


J.71 


0.52 


0.4 


0.54 


0.29 


0.88 : 


0.28 


140794 


gall bladder 


adenosquamous carcinoma 


0.19 




0.93 


3,02 


0.2 







• Sample idemificaiion numbers were given by the pathologist. 

^ Results arc espiessed as x-lbid increase of the gene in the tumor tissue sample compared to ils matched normal tissue sample after 
normalizing both samples on the basis of their ATPs>'6 cpnieni. A cuio/f of 3-fold was used to define di/ferenlial expression. Significanl 
(> 3-foId) increases in the expression level of the Fid receptor are shown in italics. - = Expression of the target gene undcicciable in one or. both 
. samples (lumorand/or normal). 



fixed tissue were processed with a I rypsin-citratc. microwave pre- 
ireatment or with an £PTA- microwave pre treatment 10 unmask epi- 
topes, respectively. Sections were then sequentially processed w»rh 
primary antibodies, bipiinybicd secondary antibodies and sireplav- 
idin-bioiin-pcroAidase (FzdD. E-cadberin and cyiokeratin 8). For ^- 
catenin. polyclonal rabbit antibody wirh the En Vision detection sys- 
tem (DAKO) was used. The slides were further developed using 3- 
amino-9-cthylcarb320le. couniersiaine'd with hcmalaun and mount- 



ed with glycerin gelatin. Stained sections were observed with an 
Axioplan 2 microscope C9oipped with an Axiocam digital camera. 
Staining intensity for p-catenin was scored as no staining (value 0), 
. wcDk and fragmentary staining of cell membranes (value 1), moder- 
ate membrane staining of less than 50% of the tumor cells (valuc-2). 
moderate membrane staining ofmorc than 50% of tumor cells (value 
3) and strong membrane staining of more than 75% of tumor cells 
(value 4). The cyclin Dl staining was quantified as a percentage of 
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Fig, 1, F2d5 protein .cxpress>on in matched 
tumor/normal kidney samples, T = Tumor 
sample; N - jTiaiched noima) sample. Sam- 
ple idenli/katfon numbers arc given by iht . 
palbologist. 



133702 13777D )38B44 13714B 137564 133408 

T N T N T NT^N j ^ y ^ 

* ^ — 




139188 135699 • 1390M 13^)5p5 140279 

T* T N T N T N T N 



- Atiin. 




- Aclirt 



cyclin Dl-immunorcaclive nucJci in lumor cells m three fields (area; 
i 8,64 1 pm^) of each tumor sample; The tofa) number of tvroor nuclei 
ranged trom S I to 1 64. The correlation between FzdS and p<aicnm 
staining^ and between Fzd5 and cycHn Dl staining was evaluated by 
the Mann-Whitney U lest. . 



sion level was observed lo be reJativcly low in these lung 
tissues compared lo the other tissues invesligated. 



ResuHs 

Fzd mRNA Eypression in Matched Human 

Tumor/Norrna! Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched normal tissue samples and normal- 
ized lo the expression of the housekeeping gene mitochon- 
drial AT?sy6 (tabJe 2). A 3-fold increase was considered 
significant. . 

]n the kidney tumor samples, in which 10 of II sam- 
ples were clear cell carcinomas, F2d5 was upregulaled in 8 
of the 11 samples. A smWar observation was made for 
FzdS and F2d2, which were upregulated in 7 and 5 renal 
lumor samples, respectively. None of the other Fzds 
showed consistent upregula lion. 

Both F2d2 and Fzd3 were upregulaled in 3 of 5 colon 
adenocarcinoma samples. No other Fzd expression was 
significantly difTcrcni compared to the normal colon tis- 
sue sample. F2d3 showed an increased expression in all 3 
ovarian carcinoma samples. Fzd expression was not ai- 
lered in any of the lung lumor samples. The Fzd expres- 



Western Blot and Jmmimohisiochemistry Analysis on 
Renal Carcinomas 

Western blotting was used to evaluate FzdS protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane fractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2\ F2d5;mRNA 
upregiilaijon was detected in 8 of the 1 1 matched lumor/ 
normal samples. Increased expression of F2d5 protein 
was seen in membrane fractions from 9 of 11 samples 
(fig. 1). In most cases, concomilant increases in F2d5 
mRNA and protein levels were observed. 

Hemaloxylin-eosin staining of the Cryosecl ion ed' tu- 
mors confirmed the presence of clear cell carcinoma. 
FzdS immunostaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized lo cell membranes and to 
nuclei. Cyiokeraiin 8 (fig. 2c) and JE-cadhcrin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear cell carcinoma was less intense and patchy com- 
pared to epithelial cells of normal renal tissue. P-Caienin 
staining was confined to the cell membrane. 3-Caienin 
levels in the clear cell carcinoma membranes were highly 
variable. Nuclear P-caienin staining was not observed in 
any of the samples. Epithelial ceils in norm al rcna I tissue 
showed intense membrane staining and some cytoplasmic 
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staining. In addition, weak p-catenin staining of endothe- 
lial cells was observed. A high number of cycHn Dl- 
immunoreaciive nuclei was observed in clearcell carcino- 
. ma (fig. 20- 

On the CLl human kidney cancer lissue array, 30% 
(n = 9) of the cJear celj carcinoma tumor samples (n = 30) 
showed FzdS immunoreaclivity (fig. 3a). Membrane-as- 
sociated p-catenin slaining was observtd in 33% of the 
. FzdS-positi.ve tumor samples and 57% of FzdS-negativc 
clear renal cell carcinoma samples (table 3; fig. 3c, dX 
Again, nuclear p-catenin staining was never observed. 
Statistical analysis did not reveal a di/Terehce in. the 
expression of p-catenin between FzdS-positive and F2d5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin Dl was observed in. 89% of the F2d5- 
positive clear cell carcinoma samples (table 3; rjg.3e). 
Only 38% of the F2d5-negative clear cell carcinoma sam- 
ples contained nuclear cyclin DK Statisiicai analysis 
showed a significantly higher cyclin Dl expression in 
F2d5-po5ilive compared to FzdS-negative tumor samples 
(fig. 4b). 



Expression of PPAR6 was investigated because it repre- 
sents a direct target of the P<atenin piathway with T cell 
factor binding sites in its promoter. Expression of c-m\*c 
was found to be upregulated in 7 of 1 1, whilst cyclin Dl 
was upregulated in 10 of 1 1 kidney tumor samples (la* 
ble 4). PPAR5 was upregulated in 9 cases. All three select- 
ed target genes showed a marked upregulatjon in . the 
majority of renal lumoi^, which suggested that the Wnt/ 
P-calenin pathway was activated in these samplers. 



Discussion 



c-myci Cyclin DI and Peroxisome 
ProUferator-Actiyated Recepwr 8 Expression in Renal 
Carcinomas 

Wnl/p-catenin.pathway activation in the kidney tissue 
samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin Dl and peroxisome 
. prolifera lor- activated receptor 5 (PPAR5) was analyzed. 
Increased expression of both c-rnyc and cyclin Dl genes 
have been implicated in cell proliferation, and carcino- 
genesis, and ihey represent two of the more important and 
closely studied target genes of the Wnt signaling pathway. 



Hg. 2. Distribution ofFzdi (is, b), cytok«ntjn 8 (c), E-cadherin (d) 
and ^<atcnin (e) immuhortactiviiy in paraflln sections from a renal 
tumor processed by an alcohol fixative. From (he same tumor, a ror- 
malin-ft;(cd bIbcX was used for cyclin Di immunosiaining (I). F2d5 
immunosiaining shows dJslinci immunorcaciivity in cell membranes 
and in nuclei of clear cell renal carcinoma. Oca r cells arc immunore- 
active for cyiokeratin 8. P-Caienirr and E-cadherin staining of mem- 
branes is rather weak. and. not uniform, in clear cell renal carcinoma. 
Nuclear P-catcnin immunoreactiviiy was not observed. In dear cell 
renal carcinoma, many nuclei showed cyclin DI immunorcaciivity. 
The inset in f shows a detailed view of the rj'clin Dl labeling of nuclei 
' in clear eel) renal carcinoma. 



Fzd family member oyerexpriession has been postu- 
lated to play key i:oles in differcnl tumor types such as 
esophageal carcinoma [1 1], gastric cancer [12] and head 
and neck squamous, cell carcinoma 113], The current 
study evaluated the potential implication of F2ds as 
tumor-associated gntigens in different tumor types. Wc 
screened a number of matched normal/tumor tissue sam- 
ples for the expression of a variety of Fzds using reaMimc 
quantitative PCR. . 

Results obtained revealed that both FzdS and FzdS 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched normal 
kidney samples. F2d2 and Fzd3 were upregulated in 3 of 5. 
colon adenocarcinoma samples. Fzd3 was also upregu- 
lated in the ovarian tumor tissue samples compared loihc 
matched normal tissue samples. None of the other Fzds 
evaluated showed a specific differential expression pal- • 
tern in any of the samples studied. FzdS and FzdS show 
69. 1 % similarity and belong lo the same subgroup of Fzds 
(14], The significantly higher expression of F2d5 and. 
Fzd8 in the renal tunior samples, as compared to the nor- 
mal renal samples, suggests a higher probability that this . 
subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western blotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. In order lobe able lo determine the Fzd5 expres- 
sion in a broader range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importantly, mem- 
brane staining was not delected in the matched 9 normal 
kidney t issue samples. 

Since the Wnt signaling pathway appears to play . an 
important role in embryonic development, in particular 
embryonic kidney induction (15, 16], activatiori of this 
pathway in the adull kidney due to mutation or overex-. 
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Table 3: Correlation between FzdS and 
poicnm orcyclin Dl expression 
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pression of one of the components of the paihwav couJd 
be a determining factor In the development of renaJ can- 
cers. Therefore, several studies have looked into the pc«si. 
ble function the Wnt/p^catenin pathway plays in renal 
carcinogenesis. APC gene mutations have been demon- 
slrated not to be involved in renal carcinoma [ J7, 18J. In 
addition, P-caienin mutations are rare events in renal car- 
cinoma [19, 20]. Nevertheless, cytoplasmic accumulation, 
of 0-caienin has .been reported in a number of renal cell 
carcinomas [19], and thus the Wnt signahng pathway 



It 



Table 4,Wnt/p<attnin target gene mRNA wprcssioh in lumor samples 



Sample Tissue 



Tumor type 



x-fold expression increase** 



133702 Jfidncy adenocarcinoma 

137770 kidney rcnaJ cclJ carcinoma 

138844 XidDcy renal cell carcinoma 

137 J 46 . kidney rcnaJ cell carcinoma 

137564 kidney rcnaJccJI carcinoma 

J33408 kidnty renal cell carcinoma 

. J39i88 kidney renal cell carcinoma 

135699 kidney renal cell carcinoma 

139064 kidney renal ccIJ carcinoma 

134585 kidney renal cell carcinoma 

140279 . kidney renal cell carcirioma 
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Fig, 4. Box plot charts (ihick black line = 
median) illustrating ihc relationship be- 
tween Fzd5 immunosiatnijig and 0-caienin 
(«; and cyclin DI (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed between ibe ^aienin scores of 
F2d5-po5ilivc and -negative clear cell renal 
carcinoma. Nuclear cyclin. Dl jiaining in 
clear cell renal carcinoma showed a signifi- 
cani.di//crcnce between F2d5.posiiivt and 
F2d5-negaiivc lumor samples. 
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might act as an inducer of lumorigenesis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnt signaling pathway has been reported in 
renaJ-cancer-derived eel) lines. Zanget al. [21] observed a 
higher expression level of WntSa and FzdS mRNA in the 
renal cancer cell line GRC-1 than in the normal renal cell 
line HK-2. Expression of p-catenin was also higher in 
GR01thaninHKi2. 

To determine the status of the canonical Wnl signaling 
pathway in our renal carcinoma sanjples, we have quanti- 
tated the inRNA levels of three important target genes of 
T cell factor/lymphoid enhancer factor activation by 
P-catenin. The mRNA levels of these three target genes 
(c-myc, cyclin Dl and PPAR 5) correlated largely with the 
expression, of F2d5 in these samples, suggesting that the 
canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificanl correlation with the Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl protein is frequently. overex- 
pressed in various tumors, but in only a, proportion of the 
cases is it due to amplification of the cyclin Dl gene[22J. 
Therefore, other mechanisms such as upregulatiori of gene 
transcription may play a substantial role in the overex- 
prcssion of cyclin Dl [23-26]. Our data, showing in- 
creased cyclin Dl expressioh in rengi carcinoma samples, 
aire consistent with the results ofStassar et aL 127], They 
studied genes that are associated with human renal carci- 
noma by suppression subtraqtive hybridization and re- 
ported 14 diflerentially expressed genes, including cyclin 
Dl. Although we would have expected an increased nu- 
clear P^caienin staining, nuclear accumulation of P-catc- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et al. [19]. They did not 
delect nuclear p-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear p-catenin staining 
has also been reported by others in turnors that might 
have arisen from Wnt/P-catenin pathway activation (28- 
31). 

While expression of both Wnt5a and Fzd5 does induce 
duplication of the i'f/)o;7W5 head, exogenous expression of 
FzdS in a Xenopus model does not induce duplication of 
the head (32]. FzdS does not activate the P-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our results.suggest that FzdS inay . 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
hypothesize that if FzdS is overexpresscd, it has a rather 
limited effect, on P-catenin signalings However, in the 
presence of its endogenous still unknown ligand, it acti- 
vates the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
underinvestigation. Ultimately, knowledge of thespetific 
expression patteixis of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker, 
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Imfnunoliistoclicmical analysis of NY-ESO-1 antigen expression in normal 
and malignant human tissues, 

Jungbluth AA , Chen YT, Stockert E . Busatn KJ , Kolb D, Iversen K , Coplan 
Wniiaroson B , Altorki N. Old LJ . 

Ludwig Institute for Cancer Research, Memorial Sloan-Kettering Cancer Center, New 
York, NY, USA. jungblua@mskcc.org 

NY-ESO-1, a member of the CT (cancer/testis) family of antigens, is expressed in normal 
' testis iand in a range of human tumor types. Knowledge of NY-ESO-1 expression has 
depended on RT-PCR detection of mRNA and there is a need for detecting N Y-ESO- 1 at 
the protein level. In the present study, a method for the inununochemical detection of 
NY-ESO-1 in paraffm-embedded tissues has been developed and used to define the 
expression pattern of NY-ESO-1 in normal tissues and in a panel of human tumors. No 
normal tissue other than testis showed NY-ESO-1 reactivity, and expression in testis was 
restricted to germ cells particularly spermatogonia. In human tumors, the frequency of 
NY-ESO'l antigen expression corresponds with past analysis of NY-ESO-1 mRNA 
expression e.g,, 20-30% of lung cancers, bladder cancers and melanoma, and no 
expression in colon and renal cancer. Co-typing of NY-ESO-1 antigen and mRNA 
expression in a large panel of lung cancers showed a good correlation. There is great 
variability in NY-ESO-1 expression in individual tumors, ranging from an infrequent 
homogeneous pattern of staining to highly heterogeneous antigen expression. Copyright 
2001 Wiley-Lissjnc, 
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Multidrug resistance phosphoglycoprotein (AJ8CB1) iu the mouse 
placenta: fetal protection. 

Kalabis GM . Kostafd A. Andrews MH. Petropoulos S. Gibb W. Matthews SG . 

Department of Physiology, University of Toronto, Ontario, Canada. 

The multidrug resistance phosphoglycoprotein ATP-binding cassette subfamily B 
(ABCBl) actively extrudes a range of structurally and functionally diverse xenobiotics as 
well as glucocorticoids. ABCB 1 is present in many cancer cell types as well as in normal 
tissues. Although it has been localized within the mouse placenta, virtuially nothing is 
known about its regulation. In the mouse, two genes, Abcbla and Abcblb, encode 
ABCBl. We hypothesized that there are changes in placental Abcbla and Abcblb gene 
expression and ABCBl protein levels during pregnancy. Using in situ hybridization, we 
demonstrated that Abcblb mRNA is the predominant placental isofonn and that there are 
profound gestational changes in the expression of both Abcb 1 a and Abcb 1 b mRNA. 
Placentas from pregnant mice were analyzed between Embryonic Days (E) 9,5 and 19 
(term approximately 1 9.5d). Abcb 1 b mRNA was detected in invading trophoblast cells 
by E9.5, peaked within the placental labyrinth at El 2,5, and dien progressively decreased 
toward term (P < O.OOOl). Abcbla mRNA, although lower than that of Abcblb at 
midgestation, paralleled changes in Abcblb mRNA. Changes in Abcb I mRNA were 
reflected by a significant decrease in ABCB 1 protein (P < 0.05). A strong correlation 
existed between placental Abcblb mRNA and maternal progesterone concentrations, 
indicating a potential role of progesterone in regulation of placental Abcblb mRNA. hi 
conclusion, there are dramatic decreases in Abcbla and Attcblb mRNA and in ABCBl at 
the matemal-fetal interface over the second h^lf of gestation, suggesting that the fetus 
may become increasingly susceptible to the influences of xenobiotics and natural steroids 
in the maternal circulation: 
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Expression of human tclonjerase reverse transcriptase gene and protein, 
and of estrogen and progesterone receptors, in breast tumors: PreliminaiT 
data from nco-adjuvant chemotherapy. 

Katmnori M , fcumiyama N, Hashimoto M . Nakamura K . Qkano T Kurabavash i R 
Naoki H. Honma N . Ogawa T. Kaminislu M . Takubo K . ' 

Division of Breast and Endocrine Surgery, Department of Surgery. Graduate School of 
Medicine, The University of Tokyo, Bunkyo-ku. Tokyo 1 13-8S55, Japaa kanmori- 
ai$@umin.ac.jp. 

Humaii telomerase reverse transcriptase (HTERT). the catalytic subunit of telomerase is 
very closely associated with telomerase activity Telomerase has been implicated in * 
cellular, immortalization and carcinogenesis, in situ detection of hTERT will aid in 
determining the localization of telomerase-positive cells. The aim of this study was to 
detect expression of hTERT mRNA, hTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin-embedded breast tissue samples and to investigate 
the relationship between hTERT expression and various clinicopathological parameters 
m breast tumongenesis. We used in situ hybridization (ISH) to examine hTERT gene 
expression, and immunohistochemistry (IHC) to examine expression of hTERT protein 
ER and PR, m breast tissues including 64 adenocarcinomas, 2 phyllode tumors and their 
adjacent normal breast tissues. hTERT gene expression was detected by ISH in 56 f88%) 
carcinomas, hut in neither of the 2 phyllode tumors. hTERT protein expression was 
detected by IHC in 52 (81%) carcinomas, but in neither of the 2 phyllode tumore 
Moreover, ER and PR were expressed in 42 (66%) and 42 (66%) carcinomas 
respectively, and in neither of the 2 phyllode tumors, hi 4 cases of breast carcinoma that 
strongly expressed hTERT gene and protein before treatment, neo-adjuvant 
chemotherapy led to disappearance of gene and protein expression in all cases. There was 
a strong correlation between detection of hTERT gene expression by ISH and of hTERT 
protein by ICH in tissue specimens from breast tumors. These results suggest that 
detechon of hTERT protein by ICH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 



PMID; 1621 1220 [PubMed- in process] 



1^rrEKNA llu>'ALJlJuw>M^>^^< ^ - ! 

Expression of human telomerase reverse transcriptase gene and 
protein, and of estrogen and progesterone receptors, m breast 
tumors: Preliminary data from neo adjuvant chemotherapy 
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Abstracl. Human telomerase reverse iranscripiasc (hTERia 
the catalytic subunil of te)omdrase, is very cl05c)y associated 
with iclomcrasc activity, TcJomerasc has been impbcatcd m 
cclIuJar immortalization and carcinogenesis, h sUu dticction of 
hTERT will aid in deicrmining tbe localiution of leJomcrasc- 
positive cells. The aim of this study was to detect expression of 
hTERT mRNA, bTERT pioicin, estrogen receptor (ER) and 
progesterone reccpior (PR) in paroffm-cmbedded breast t^uc 
samples and to investigate the relationship between hTERl 
expression and various cJinicopaihologlcal parameters m breast 
rumorigcnesis- Wc used m sifu hybridization (ISH) lo examine 
hTERT "cnc expression, and immunohistochcmistry (IHQ to 
examine'exprcssion of hl^RT protein. ER and PR, in bre.asi 
tissues including 64 adenocarcinomas, 2 phyllodc tumors and 
their adjacent normal breast tissues. hTERT sene expression 
was detected by ISH in 56 (88%) carcinomas, but m neither 
of the 2 phyllodc tumots. hTERT proiein expression was 
detected by JHC in 52 (81%) carcinomas, bm in not her of 
the 2 phyllodc mmors. Morcover^.ER and PR were expressed 
in 42 (66%) and 42 (66%) carcinomas, icspeciively, and m 
neither of the 2 phyMode rumors. In 4 cases of breast caronoma 
that strongly expressed hTERT gene and pioiein before 
treatment, neo adjuvant cbcmoiherapy led lo disappearance of 
ecnc and proiein expression in all cases. There was a stiong 
conclalion between detection of hTERT gene expression by 
ISH and of hTERT protein by ICH in tissue specimens from 
breast tumors. These results suggest that detection of hTERT 
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protein by ICH can be used id distinguish breast cancers as a 
potCDliaJ diagnostic and thcrapcuiic marker. 

Introduction 

Breast cancer is the most frequent malignancy '^^ 
affecting up to one in every eight females worldwrdc. The 
most important clinJcopaihologicai prognostic parameter so 
far idcniiricd is the absence or presence of lymph node 
metastasis, but the idcniification of further parameters for 
both lymph node-positive and -negative patients would 
facilitate on individually based risk-diiected therapy (I). A 
promising emerging molecular marker is telomerase, a 
ribonucleoprotein enzyme complex, which when activated 
or uprcgulaled allows tumor cells to escape from cellular 
senescence and lo proliferate indefmilely (2). human 
telomere is a simple repeat sequence of six bases (TIAGOO) 
that is located el the ends of each chromosome (3).Tclomeres 
arc believed to protect against degeneration^ reconstnjcoon, 
fusion, and loss (4) and to promote the homologous pa mng 
of chromosomes (5). The end-to-end chromosome fusions 
observed in some tumors may result from the loss of lelomcies 
and may be partly responsible for the genetic msiabil.ty 
associated wiih lumotigenesis. Telomerase catalyzes the 
synthesis of telomere DNA and facilitates cell immortaJizabon 
through the stabilization of chromosomal structure (6-8). 
Although Ihe expression of the human RNA component of 
lelomerasc (hTERC) is widespread, the restricted expression 
pattern of the mRNA of hTERT. the human telomerase 
catalytic subunit eenc. is conclaied with telomerase activity 
(8-13). As telomerase activity seems to be the key player m 
lumor cell immortality, it has importance as a target molecule 
for anti-cancer therapy. Telomerase activity has been shown 
10 conclBic wiih poor clinical outcome in ncuioblasiomas 
and other tumors (14). For breast cancer, however, telomerase 
activity is D controversial prognostic maiker: some studies 
sugocsi that lelomerasc activity , clinicopaihological parameters 
and disease outcome are linked, whereas others do no. find 
ihis association (14-23). 
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We have succeeded in very clearly and sensitively demon- 
straiing hTERT mRNA in thyroid, coloreciaK parathyroid 
and lung tissues by use of an oligonucleotide probe {O 2^-26). 
Strong correlation has been observed between hTERT mRNA 
and;or protein expression ai>d telomerasc in a variety of 
malignant tumors (13.14;>05.27^8). In the present study, 
we used ISH to examine expression of the hTERT gene, and 
IHC to examine expression of hTEKT protein, ER and PR, in 
64 carcinomas and 2 phyllodes rumors of bre^t to determine 
whether hTERT protein can be used to diffcientiatc breast 
cancers. Wc also analyzed hTERT mRNA and protein 
expression with special reference to clinical features and 
hisioJogical findings to investigate the potential role of 
hTERT mRNA expression analysis in predicting the biological 
characteristics of breast cancers. Since hTERT expression in 
breast tumors has not previously been analysed by ISH or IHC. 
OUT investigation also examined various clinicopathological 
parameters, including age, histopalhplogical type, tumor siic, 
lymph node siams, relapses, and the expression of ER and PR. 

■ Materials and methods 

Tissite colUction. Sixty-six samples were obtained during 66 
masicciomics: 64 breast carcinomas, 2 pbyilodcs tumors and 
66 specimens of the adjacent normal breast gland. In 4 cases, 
samples were obtained during core needle biopsies (CNB) 
before nco-adjuvant therapy, and again during masiecloniies 
after neo- adjuvant therapy; for these cases, all measurements 
and examinations were performed both before and after the 
nco-adjuvani therapy. The paiienis ranged in age from 32 to 
90 years. The patients with caiciriomas ranged in age from 37 
to 90, mean 56, years and were all women. The women wiih 
phyllode tumors were aged 32 and 38 years, rcspeciivcly. 
The surgical and CNB tissue samples were frozen rapidly 
wiih liquid niriogcn and stored ai -SOX until fixation. Then, 
they were fixed in 10% buffer formalin solution and 
embedded in paraffin. Surgical and CNB samples were 
collected from the patients after obtaining ibeir informed 
conscnl, and the study protocol was approved by the Medical 
Depanmcm of the University of Tokyo Ethics Commiiice. 
Thc pathologic diagnoses were made by the surgical 
pathological specialists at our institute on the basis of 
examination of hemaioxylin-cosin stained slides. A 
pathological icvicw was performed for all breast tumors 
according to the BRE score. pT and pN staging were assigned 
according lo the 1997 WHO classiftcation (7ih edition). 

MCF-7 human breast cancer cells, kindly provided by the 
Cell Resource Center for Biomedical Research. Institute of 
Development. Aging and Cancer, Tohoku University, were 
used as positive conirols. The cells were incubated in RPMl- 
J640 medium with 25 mM HEFES buffer. L-glutaminc. and 
10% fetal bovine scjum (Gibco, Grand Island. NY) on a 
chamber-attached slidcglass (Lab-Tek' Chamber Slidc^'': 
Nalge Nunc Intemaiibnal. Napervillc^ R.) in a humidified 5% 
CO, aimospherr at 37*C- The cells were then fixed with 10% 
buffeted ncuiral formalin .{Sigma Chemical Co.. 5i. Louis. 
MO). The cititured MCF-7 cell line that was used as a positive 
control was trsied for telomcrasc with a PCR-based standard 
TRAP U'^y (6.!3)- Tl^tsc cells were also used to prepare cell 
blocks. Driefly. ihe celts wtre fixed in tO% biiffcTcd ntrnual 



formalin, resuspcnded in molten agarose and d)en embedded in 
paraffm. Sections from these cell blocks were used as posiuvc 
procedural conirols in ISH and IHC. The negative control m 
ISH was obtained by replacing the oligonuclcoiidc probe with 
RNasc. The negative control in IHC was obtained by replacing 
the primary antibody with Tris-buffcrcd saline (TBS). 

Oligonudcotide probe for ISH, The specificity of the oligo- 
nucleotide sequence was imtiaUy determined by a GcnEMBL 
database search using the Genetics Computer GroUp Seqiicncc 
Analysis Program (GCG. Madison, WI) based on ihc fasiA 
al-oriihm (29); the sequence exhibited 100% homology 
Wi^ih Ihe hTERT gene sequence. A d(T)^ oligonocleondc 
was used 10 verify the integrity and lack of degradation of 
the mRNA in each sample. All oligonucleotide probes 
were synthesized with a hapicnOabcled nucleotide, such ^ 
digoxigeninrdUtP (Bochringcr-Mannhcim)» ai the 3' end via 
direct coupling by using standard phosphoramidiic chemistry 
(Research Genetics. HunisviDc, AL) (30). The probe used for 
detection of hJERT by ISH was generated from the original 
sequence for Homo sapUns telomcrasc reverse transcHptasc 
(AFOi5950), 2766-2800: 5--GCCTCGTCTTCTACACH3GA 
AGTrCACCACTGTCIT.3' (13^4-26). 

I5H, ISH wras pcrforrned with the GenPoint nucleic acid hypcr- 
detcciion system (Dako; Carpenteria/CA) (3J). Formalin- 
fixed, parafrm-cmbcddcd tissue sections {5 pm thick) were 
deparaffinized in xylene and a graded alcohol scriei. Tissue 
sections and CNB samples were then preireaied with target 
retrieval solution (Dako. SI 700) at 95'C and proteinase K 
(Dako, 53004) at room temperature. Next; the tissues and 
CNB samples were fixed in 03% hydrogen peroxide followed 
by a methyl alcohol series at room temperature. Digoxigcniii- 
labcled anti-sense oligonucleotide in mHt^A in situ hybri- 
dization solution (Dako, 53304) was placed over the tissues 
and CNB samples. After hybridization at 37"C overnight, 
the slides were washed in stringent wash solution (Dako. 
GenPoint System Kit) at 43'C. The tissues and CNB samples 
were exposed to avidin blocking solution (Dako. X0590) 
at room temperature followed by biotin blocking solution 
(Dako. X0590) at room lempcramre.Thc tissues and samples 
were then incubated at room temperature with a sheep 
monoclonal hapten- labeled anti-digoxigcnin antibody (Dako. 
p5104),and the slides were then frxed with biotinyl tyi^ne 
(Dako, GenPoint System Kit) at room temperature. Finally, 
the slides were incubated with HRP-conjugaicd strcptavidin 
(Dako. GenPoint System Kit) at room temperature. Since 
33*-di3minobcnzidine leirahydrochloridc (DAB) was used as 
the substrate, a positive reaction was visible as a brown color 
under a light microscope. Tt)c sections were weakly counlcr- 
5iair)cd with 0.1% hematoxylin. 

JHC. JHC wos performed by the avidin-biolin complex/ 
horseradish peroxidase method. Tissue sections were stained 
for hTERT wiUi a commercially available monoclonal antibody 
(NCL-L-hTERT; Novocastra, Newcastle upon Tync. UK). 
Sections were dewaxed in xylene. Aniigcn retrieval was done 
by incubating sections immersed in 0.01 M ciuate buffer at 
pH 6.0 in D mJciowavc oven at 99'C. The sections were 
Dllowcd lo cool down ut room icmpeiaturc. The sections 
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Tabic I. RelaliODships between mRNA siaius (hcgaiivc/ 
posiiivc) by )SH and standard cJimcal, pathological, and 
bioJogjcal factors in the 66 tumors. 

No. of patients {%) 



Ftgort I. Rcprtscniaiive rc5i)hs of ihc TRAP assay. If funciioi>al tcloTncnisc ij 
present, ihe tmytnc adds DNA lo iht 5ub)traie in 6-b«e-pair (bp) inoxmenis, 
rtsbWng in » Jaddcr-likc distribuiion of products. TU 6-bp ladder signals art 
appaitni for MCF-7 and brrsM cancers (rait nos. 6, H, 23, 44 and 59) and are 
no4 app&rcni for \y^a buffer « tbe negative control. An oDact of MCF-7 was 
used as s poaiiive control for tbe TRAP assay arx) as an Inleroal TeJonftcrasc 
Assay Standard (JTAS) positive control fof PCR amplification, with lysij 
buffer as the nt gaiivc control (Lysis). 



were ihcn immcised in \% hydrogen peroxide (H^O,) in 
mpibanol lo blocV endogenous peroxidase activity. Following 
ibai, Ihe srclions were washed in TBS (pH 7.6) before being 
iiicubatcd in normal rabbit serum for 20 min lo block non- 
specific binding. After draining off the excess scrurn^ the 
sections were incubated with the primary anribody ai room 
icmpcralurc. TTie sections were washed in TBS before being 
incubated with ihc secondary antibody (bioiinylaied rabbit 
anii-mousc, Dako). The sections were washed again with 
TBS and incubated with avidin biotin complex/horseradish 
peroxidase. After washing the sections wjih TBS, peroxidase 
aciiviiy was visualized under light microscopy by applying 
DAB chromogen (Dako). The sections were countersiained 
with hemaioxylin; dehydrated in increasing grades of alcohol 
and finally mounted in diboiyl phihalaie (DPX) moimtaril. 

Homogeneous staining or a specklcd/doned paiicm in the 
nucleus was considered positive staining, and absence of 
disiinct nuclear siaining was taken as negative staining. 
Grading of the percentage of stained cells (hTERT labeling 
index) was performed by previously published criteria (I) as 
follows: Grade I, negative staining; Grade 2, I-10?d positive 
siaining nnclci; Grade 3, II -50% positive nuclei; and Grade 4^ 
>50% positive nuclei., Immunbsiaincd slides for ER and 
PR were scored as previously described (32.33). Jn brief, 
each enlire slide was evaluated by light microscopy. Hrsi. a 
proponion score was assigned, which represents the cstimaied 
proponion of posiiivc- staining tumor cells (0, none; I , < J/lOO; 
2. I/lOO 10 l/IO; 3, I/IO to 1/3; 4, 1/3 lo 2/3; and 5. >2A3). 
Next, ari intensity score was assigned, which represents the 
average intensity of positive tumor cells (0. none; I, weak, 
2, intenmedioie: and 3, strong). The proponion and intensity 
scores were then added to obtain a total score, which ranged 
from 0 to 8. Slides were .«:o;ed by pathologisis who did not 
have knowlfcJ^e of llgond- binding lesuhi oi patient ouicomc. 
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Solid. tubular 
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Non-invasive 
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ER expression 
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34 6(17.6) 28(82.4) 
26 2 (7.7) 24(92.3) 
4 0 (0) 4 (100) 
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It si. NS. rwt significant: ^Informolion svaitoble for 64 paiicnts. 



Staihticol anotysis. Differences in p-values were analysed 
with the test for independence, and Fisher's test was "scd 
for correlations. In all comparisons. p<0.05 was considered 
significant- 
Results 

Reprcscniaiive results of ilic TRAJ* assay arc shown in Fig, I. 
n»e cii/iurcd cells, which were tested for tclon»era.se activity 






Bsuxr 2. Con.biion b.»w«„ hh.ologic diagnosis. hum3„ .domrrasc ..vcr^ u=nscnp.»sc (hTERT) mKNA by ISH. ™ pr«tin '"C. "^S^n 
rtccpic lEH) by IHC .nd p,ostMc,o.c 'ccrpior (PR) by IHC in bica.. cnccr.. HAE): (b. bTERT mRNA); (c hTERT pio,c.n); (d. ER) ,nd (c. PR). 



wilh the TRAP assay /bdvc posuive rcsuJls wiih all procedural 
coniiols (MCF-7 and 5 brcasi cancer samples) (Fig. I). 

ISH revealed ihai hTERT mRNA was saongjy e^tpresscd 
in the nuclei and cyioplasm of almost all of the MCF-7 human 
cancer cells (data not shown). E:^prc5sion of hTERT mRNA 
was delected irj.56 (88%) of ihc 64 brcasi cancers and in none 
of the pbyllodes lumors of ihc breast (Tabic J) wiih ibe anii- 
. sense probe, whereas no ejipicssjon was deiccied with ihc ani>- 
scnsc probe ucaicd with RNase (daia not shown). The levels of 
expression were hclcroseneous within the carcinomatous 
regions. Strong: e;iprcssion of hTERT mRNA was not confined 
10 the carcinomatous regions but was also delected in 
inrdlraiing lymphocyics (Fie. 2a and b). Higher expression 
levels of boih signals of hTERT mRNA were delected in 
some sections containing both carcinomas and lymphocytes, 
compared with the adjacent non-cancerous mamnnary g.'and. 
but no dear differences in signal intensity were observed 
between carcinomas and lymphocytes. The slonals in both 
the normal and cancer tissues were mainly present in the 
lymphocyies, ond the signal intensity was similar in both. 
Dlihoo^h a precise quDntiiative comparison of the in sin/ sit' nab 
was impossible . 



IHC revealed that hTERT protein was strongly expressed 
in il>e nuclei, nuclcajr membrane and cytoplasm of almost all 
of the MCF-7 human cancer cells (daia f>oi shown). Expression 
of hTERT protein was delected in 52 (81%) of the 64 breast 
cancers and in none of the phytlode tumors of the breast 
(Table 11). The levels of expression were heterogeneous within 
the caicinomaious regions. As shown in Fig. 2c; strong 
expression of hTERT protein was observed in nucki. nuclear 
membrane and cytoplasm, similar to the pallem in MCF-7 
human cancer cells. Normal mammary gland and stromal 
cells generally showed negative immunoreactivily against 
hTERT protein antibody. 

A nuclear sienal for the ER (Fig. 2d), as assessed by IHC. 
was observed In 36 (56%) of the 64 breast cancers and in 
none of the phyllpde tumors of the breast, with positive 
scores ranging from 2 to 8 (Tables I and ))). A nuclear signal 
for the PR (Fie. 2c). as assessed by IHC. was observed in 38 
(5991:) of the 6^ breast cancers and in none of the phyllodc 
lumors of the breast, with positive scores ranging from 2 to 8 
(Tables I and 11). 

used ISM and IMC lo examine hTERT expression 
III 4 roses of brta.M cancer before and after nco- adju vdiH 



TDbJc n. Relationships beiwcen mRiNA stoius (ncgolive/ 
posiiive) by IHC and siandard clinical, paihological, and 
biological facrors in the 66 lumors. 



No* of patients {^) 



Total 



hTERT 
ncHaijvc 



hTERT 
posiiivc 



Total 

Age 
<50 
>50 

Hisiopathological 

Papillotubular 
Solid tubular 
Mucinous 
Non-invasive 
Phyllodcs 

Tumor size (cm)^ 
Tl (<2.0> 
T2 (2.0-5.0) 
T3 (>5,0) 

Ly mph node siaius*' 
pNO 
pN) 

pN2+pNM 
Rebpse 



ER e;^pression 

- (<2) 

PR expression 

- (<2) 



66 14(212) 52(78.8) 



26 


10(38.5) 


I6(6lii) 


40 


4(10.0) 


36 (90.0) 


32 


2 (6.4) 


30 (93.6) 


20 


4 (20.0) 


16(80.0) 


6 


■ 4 (66.7) 


2 (333) 


2 


0 (0) 


2 (100) 


4 . 


2 (50.0) 


2(50.0) 


2 


2 (100) 


0 (0) 


20 


4 (20,0) 


16(80.0) 


34 


6(17.6) 


28(82.4) 


10 


2 (20.0) 


8 (SO '0) 


34 


6(17.6) 


28 (82:4) 


26 


6(23.1) 


20 (76.9) 


4 


0 (0) 


4 (100) 



JO I (1 0.0) 9(90.0) 
56 13 (23 J) 43(79.6) 



42 6 (14 J) 36(85.7) 
24 8(333) 16(66.7) 



42 .6(143) 36(85.7) 
24 8(33.3) 16(667) 



NS 



NS 



NS 



NS 



NS 



MS 



^ icsl. NS. not sienifrcanr. Mnformoiion Dvaitabic foi 64 paiitms. 



cbemolhcrapy. Before cbfemoihciapy , all 4 of »he bicasl 
carcinomas strongly e;ipres5ed hTERT by bolh 15H and 
IHC Aftcj chemotherapy. hTERT expression completely 
disappeared in all 4 cases (Table 111). hTERT expression by 
lymphocytes was detectable by ISH and IHC both before and 
after chemotherapy in all 4 cases, and the level of e.pies.'^ion 
did not appear to be ailcred by lieairnenl. 

Nocorrebtion was observed between hTERT rnRNA 
fxpression and any of the clinicopaiholoeical parameters 
age. hisiopaiholosicai type, tumor .jye. lymph node Matns. 



Table HI. Relationship of hTERT rnRNA ahd piolein 
expression before and after ncoadjuvanl chc mothcrdpy. 

hTERT rnRNA hTERT proicin 
Case Age Neoadjuvant. Before After Before After 



p-value' 


1 


80 


Anasirozolc 




+ 




2 


78 


Anastrozolc . 


+ 


+ 




3 


35 


PEG* 






NS 


4 


37 


Acy 


-f 





-EEC 5FU (500 ms/ro^. Epimbicin (70 mg/m=^. Cyclophosphamide 
(500 mg/m>). ^AC, Doxorubicin (60 mg/m?). Cyclophosphamide 
(500 mg/m'). Before, before ntoadjuvanl cbtmoihcrspy. After, 
after neoadjuvant chcmoibcrapy , . positive; - , ncgauVe. 



relapses, and the expression of ER and PR. Similarly, there 
was no coaelation between hTERT protein expression and 
any of these clinicopathological parameters. There wasa 
correlation between i)TERT mftNA expression and hTERT 
protein expT«sion in breast cancers (p<0.005). 

Discussion 

This study reports a comparison of hTERT rnRNA expression 
by ISH and hTERT protein expression by IHC tn dssuc 
sections from breast tumors. hTERT rnRNA was detected 
by ISH in 56 of the 64 breast cancers and in MCF-7 human 
breast cancer cells. Breast cancer cell nuclei stained suongly 
positive with the specific anti-sense probe but not with the 
anti-sense probe treated with RNase (data not shown). Tissue 
lymphocytes also stained positively with the anti-sense probe, 
but the stromal cells did not. Expression of hTERT protein 
was observed by IHC in 52 of the 64 breast cancers. hTERT 
mRNA and protein expressions were highly correlated in 
breast cancers (p<0.005). Deteciion of the hTERT protein by 
IHC has permitted further analysis of carcinogenesis and 
cancer diagnosis (34). 

In recent years, there has been disagreement oyer the 
suitability of lelomeiase activity as a prognostic biologic 
marker in breast cancer thai may help to differentiate patients 
for individually based risk-related therapy. Hiyama et o/ (15) 
in a study of 140 breast cancer specimens with the TRAP 
assay, found a strong associaiion between telomcrasc acnviiy 
and stage classification ar)d observed lelomcrase aciiviiy 
in 68%"of stage 1 tumors and 95% of stage IV tumors. 
Po/cmba et ol{\), using tissue microariays. found a siaiisircally 
signincant correlation bcrwecn tunDOi-specinc survival (overall 
survival) and hTERT compression in breast cancer. However, 
some problems in interpretation may affect this apparent 
consensus. First, some samples of b.easi cancer tissue may 
be extensively coniaminalcd by infiitraiing lymphocytes 
durin- operative manipulations, especially in a<ivanccd dise^. 
causing ovcrestima:ion cf tclcmerasc activity and/or hTERT 
expression. In our previous Te[>ons. higher expression levels 



of signals for both hTERT mRNA and protein were <Jc!eclcd 
in some sections containing both carcinoma and lymphocytes 
in thyroid and colorectal cancers (13^4). Secondly, Poremba 
etaiO^ used polyclonal antibodies against hTERT protein as 
a signal for expression. In our hands, polyclonal antibodies 
against hTERT protein give rise to strong background signals 
and are not clearly spcciHc for rneasuring expression in cancer 
tissues. Wc have carefully compared the reactivity against 
hTkRT protein of the monoclonal antibody used in the 
present study with that of some polyclonal antibodies. Use of 
the monoclonal amibody in IHC allowed clear dennonstration 
of hTERT protein expression, with icsults similar to those 
of ]SH for hTERT mRNA expression. Furihenporc, IHC is 
technically much easier to perform than ISH, since con- 
tamination of samples by RNasc is not an issue in IHC. 

To the best of pur knowledge, this report is the first on the 
smdy of hTERT expression in breast cancer as a function of 
nco-adjuvant treatment. We examined hTERT expression 
in 4 cases of breast cancer before and after chemotherapy. 
Before chemotherapy, hTERT was strongly expressed iii 
all 4 carcinomas, but after chemotherapy hTERT expression 
had completely disappeared in all 4 cases. hTERT expression 
by. lymphocytes was delectable by ISH ar)d IHC both before 
and after chemotherapy in all 4 cases, and the level of 
expression did not appear to be altered by treatment. 

In conclusion, deicrrriinaiion of hTERT nnRNA expression 
by ISH and hTERT protein expression by IHC can be used to 
obtain information coniribuiirig to a histopatbological diagnosis 
during screening of breast cancers. By use of a monoclonal 
antibody, wc could very clearly and sensitively demonsiraic 
hTXRT protein expression in breast cancer tissues but not in 
non-cancerous tissues. Wc also demonstrated that 4 carcinomas 
with originally positive immunoreactivity against hTERT 
protein became negative after nco-adjuvant chemotherapy. 
These results suggest that dcierminaiion of hTERT protein 
by ICH can be used as a potential diagnostic and therapeutic 
marker to distinguish breast cancers. 
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Expression of the ubiquitin-proteasorae pathway and muscle loss in 
experimental cancer cachexia. 

Khal J. Wvke SM . Russell ST. Htne AV. Tisdale IVf J , 

Pharmaceutical Sciences Research Institute. Aston University. Birmingham. UK. 

Muscle protein degradation is thought to play a major roie in muscle atrophy in cancer 
cachexia. To mvest.gate the importance of the ubiquitin-proteasome pathway, whidi has 
been suggested to be the main degiadative pathway mediating progressive protein loss in 
cachexia, the expression of mRNA for proteasome subunits C2 and C5 as well as the 
ub.qu.tin-conjugating enzyme. E2(14k), has been determined in gastrocnemius and 
pectoral muscles of mice bearing the MAC16 adenocarcinoma, using competitive 
.quantitative reverse transcriptase polymerase chain reaction. Protein levels of proteasome 
subunits and E2(14k) were determined by immunoblotting. to ensure changes in mRN^ 
were reflected m changes in protein expression. Muscle weights correlated linearly with 
weightloss during the course of the study. There was a good correlation between ■ 
expression of a and E2(14k) mRNA and protein levels in gastrocnemius muscle with 
increases of 6-8-fold for C2 and two^fold for E2(14k) between 12 and 20«/o weight loss 
tollowed by a decrease in expression at weight losses of 25-27%, although loss of muscle 
protein continued, hi contrast, expression of C5 mRNA only increased two-fold and was 
elevated similarly at all weight losses between 7.5 and 27%: Both proteasome fimctional 
activity, and proteasome-specific tyrosine release as a measure of total protein 
degradation was also maximal at 18-20% weight loss and decreased at higher weight loss 

C2 and C5 and E2(I4k) mRNA only being seen at weight losses above 1 7% although 
muscle loss increased progressively with increasing weight loss. These results suggest 
that activation of the ubiquitin-proteasome pathway plays a major role in proteinSss in 
gastrocnemius muscle, up to 20% weight loss, but that otlier factors such as depression in 
protem synthesis may play a more important role at higher weight loss. 

PMID; 161 60695 (PubMed - in process] 
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Increased expressiou of proteasome subunits in skeletal muscle of cancer 
patients with weight loss. 

Khali. HineAV. Fearon KC . DcionfcCH, Tisdale MJ 

Pharmaceutical Sciences Research Institute, Aston University, Birmingham B4 7ET, UK. 

Atrophy of skeletal muscle is common in patients with cancer and results in increased 
morbidity and mortality. In order to design effective thempy the mechanism by which 
this occurs needs to be elucidated. Most studies suggest that the ubiquitin-proteasome 
proteolytic pathway is most important ih intracellular proteolysis, although there have 
been no reports on the activity of this pathway in patients with different extents of weight 
loss. In this report the expression of the ubiquitin-proteasome pathway in rectus 
abdomims muscle has been determined in cancer patients with weight loss of 0-34% 
usmg a competitive reverse transcriptase polymerase chain reaction to measure ■ 
expression of mRNA fpr proteasome subunits C2 and C5. while protein expression has 
been deteonmed by western blotting. Overall, both C2 and C5 gene expression was 
mcreased by about three-fold in skeletal muscle of cachectic cancer patients (average 
we.ght. loss 14.5.-A2.5%), compared with that in patients without wJght los^ w!th or 
without cancer. The level of gene expression was dependent on the amount of weight 
T;ZT!^^ '"^^•"'^"y proteasome subunits in patients with weight loss of 

U-19/o. Further increases m weiglit loss reduced expression of mRNA for both 

Te ZZt ^ comparison with patients with no 
tZ^nl/ Th '''' ""^ T"*^"'^ '""^'^ expression at weight losses less 
!;r. T.T ' conrelation between expression of proteasome 20Salpha 

subunits, detected by western blotting, and C2 and C5 mR^A. showing that increased 
gene expression resulted in increased protein synthesis. Expression of the ubiquitin 
conjugating enzyme, E2(I4k). with weight .loss followed a similar pattern to fllatof 
proteasome subunits. TTiese results suggest variations in the expression of key 
^mpon^ts of the ubiquitin-proteasome pathway with weight loss of cancer patifents and 
suggest that another mechanism of protein degradation must be operative for patients' 
with weight loss less than 10%. viurpaiiems 
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CeU type-specific occurrence of caveolin-lalpha and -Ibeta in the lung 
caused by expression of distinct niRNAs. 

J^goH, Ajba T. Pujimoto T . 

Department of Anatomy and Molecular Cell BioJogy, Nagoya Uiiivenjity Graduate 
School of Medicine, Showa-ku, Nagoya 466-8550, Japan, hkogo@fiijita-hu.ac.jp 

Two isoforms of caveoIin-1, alpha and beta, had been thought to be generated by 
alternative translation initiation of an mRNA (FL mRNA), but we showed previously that 
a vanant mRNA (5'V mRNA) encodes the beta isofonn specifically In the present study 
we demonstrated strong correlation between the expression of the caveolin- 1 protein ' 
isoforms and mRNA variants in culture cells and the developing mouse lung The alpha 
isofonn protem and FL mRNA were expressed constantly during the lung development 
Whereas expression of the beta isoform protein and 5'V mRNA was negligible in the fetal 
lung before 17.5 days post coitum, and markedly increased simultaneously at 18 5 days 
post coitum. when the alveolar type I cells started to differentiate. Immunohistochemical 
analysis revealed the cell type-specific expression of the two isoforms; the alveolar type I 
cell expresses the beta isoform predominantly while the endothelium harbors the alpha 
isofo^ chiefly The mutually exclusive expression of caveolin- 1 isofonns was verified 
by Western blotting of the selective plasma membrane preparation obtained from the 
endothelial and alveolar epithelial cells. The present result indicates that the two 
caveolin-1 isoforms are generated from distinct mRNAs in vivo and Uiat their production 
IS regulated independently at the transcriptional level. The result also suggests that the 
alpha and beta isoforms of caveolin- 1 may have unique physiological fiinctions. 

PMID: 15067006 (PubMed - indexed for MEDLINE] 
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Oocogene and growth factor expression in ovarian cancer. 

Konimoss F , BauknecLit T, Birmclin G . Kohler M . tescli H. Pflciderer A . 

Department of Gynaecology, Albert-Ludwig University, Freiburg, Germany. 

The varying tumor-biological behavior of ovarian carcinomas probably influences both 
Oieir operabiUty and response to chemotherapy, which are the most relevant prognostic 
factors. The phenotype of different ovarian carcinomas is obviously associated with an 
activation of the EGF/TGF-alpha signal pathway, including c-myc and c-jun expression 
Analysis of EGF-R. TGF-alpha, c-myc. and c-jun expression in 33 stage Ifl/IV, and 2 
stage r/II ovarian carcinomas with biochemical, molecular-chemical and 
immunohistochemical methods showed a coirdation between the mRNA and protein 
levels of EGF-R and TGF-alpha for tumors with low or high expressing rates. However 
the concentration of measurable free EGF-Rs seems to depend on the amount of TGF- ' 
alpha expression by die tumors. The EGF-R binding ligand TGF-alpha is produced by 
epithelial tumor cells; stromal cells are usually TGF-alpha-negative, as shown by 
immunohistochemistry. High expression rates of EGF-R. TGF-alpha aiid c-myc were 
detected in 6, 7, and 10 out of 35 ovarian carcinomas, respectively. C-jun mRNA was 
detected in 18/19 cases sUidied. Non-malignant tissues originating from myometrium or 
ovary expressed no (or only small amounts of) EGF-R or TGF-alpha mRNA. whereas a 
high c-myc expression was found in 1/7 norma! myometria, and in 2/5 normal ovaries. 
There was no strong correlation between EGF-R/TGF-alpha and c-myc/c-jun 
expression.(ABSTRACT TRUNCATED AT 250 WORDS) 

PMBD: 1 502888 [PubMed - indexed for MEDLINE] 
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Somatostatin receptors in primary human breast cancer: quantitative 
analysis of mRNA for subtypes 1-5 and correlation with receptor protein 
expression and tumor pathology, 

^^^^rV , GrigorakisSf, Watt HL , SasiR, Snell L . Watson P . ChaudhariS . 

Fraser Laboratories For Diabetes Research, Department of Medicine, McGill University 
Royal Victoria Hospital. 687 Pine Avenue West, H3A I Al Montreal, Quebec, Canada. ' 
ujendra.lcumar@muhc.mcgill.ca 

Somatostatin receptors (SSTRs) have been identified in most hormone-producing tumors 
as well as in breast cancer. In the present study, we determined SSTRl-5 expression in 
pnmary ductal NOS breast tumors tlirough semi-quantitative RT-PCR and 
immunocytochemistry. The results from the analysis of 98 samples were correlated with 
several key histological markers and receptor expression. All five SSTR subtypes are 
variably expressed at the mRNA level in breast tumors with 91% of samples showing 
SSTRl, 98% SSTR2, 96% SSTR3, 76% SSTR4, and 54% SSTRS. SSTRl-5 are 
localized to both tumor cells and the surrounding peritumoral regions as detected by 
immunocytochemistry. Levels of SSTR mRNA, when corrected for beta-actin levels 
were highest for SSTR3 followed by SSTRl, SSTR2, SSTRS. and SSTR4. Furthemiore, 
there was good coirelation between mRNA and protein expression with 84% for SSTRl' 
79% for SSTR2, 89% for SSTR3. 68% for SSTR4, 68% for SSTRS. and 78% for all five 
receptors, SSTRl, 2 and 4 were correlated with ER levels whereas SSTR2 showed an 
additional correlation with PR levels. These correlations were independent of patient age 
and histological grade. Moreover, using immunocytochemistry, blood vessels exhibited 
receptor-specific localization for SSTR2 and SSTRS. Our results indicate significant 
correlations between mRNA and protein expression along with receptor-speci fic 
coaeiations with histological markers as well as ER and PR levels. Di fferential 
distribution of SSTR subtypes in tumors and receptor-specific expression in vascular 
structures may be considered as a novel diagnosis for breast tumors with receptor subtype 
agonists. 
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A transcriptomic and proteomic analysis of the effect of CpG-ODN on human 
THP-1 monocyticleukemia cells. 
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The CpG motif of bacterial DNA (CpG-DNA) is a potent immunostimuiating agent whose 
mechanism of action is not yet clear. Here, we used both DNA microarray and proteomic 
approaches.to investigate (he effects of oligodeoxynucleotides containing the CpG motif (CpG- 
OUN) on gene transcnption and protein expression profiles of CpG-ODN responsive TFR'-l cells 
Microarray analysis revealed that 2 h stimulation with CpG-ODN up-regulated 50 genes and ' 
down-regulated five genes. These genes were identified as being associated with inflammation 
antimicrobial defense, transcriptional regulation, signal transduction, tumor progression cell ' 
differentiation, proteolysis and metabolism. Longer stimulation (8 h) with CpG-ODN enhanced 
transcriptional expression of 58 genes. Among these 58 genes, none except one namely WNTI 
inducible signaling pathway protein 2, was the same as those mduced after 2 h stimulation 
Proteomic analysis by two-dimensional gel electrophoresis, followed by mass spectrometry 
Identified several protems up-regulated by CpG-ODN. These proteins included heat shock 
proteins, modulators of inflammation, metabolic proteins and energy pathway proteins 
Comparison of microarray and proteomic expression profiles shovved poor correlation Use of" 
more reliable and sensitive analyses, such as reverse transcriptase polymerase chain reaction 
Western blotting and functional assays, on several genes and proteins, nonetheless, confirmed that 
there is indeed good correlation between mRNA and protein expression after CpG-ODN 
treatment. This study also revealed that several anti-apoptotic and neuroprotective related 
protems not previously reported, are activated by CpG-DNA: These findings have extended our 
knowledge on the activation of cells by CpG-DNA and may contribute to fiirther understanding of 
mechanisms that link innate immunity with acquired immune response(s). 
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Tlil^^CpG mohf of bacterial DNA (CpG^DNA) is a potert inununostimulating agent whose 
mecha^sm of action is not yet dear. Here, we used both DNA microarraytnd proteomic 
approaches to investigate the effects of olig«}eo:tynucleobdes containing the CpG motif (CpG- 
ODNVon gene transcription and protein expression profiles of CpG-ODN responsive THP-l 
celk. Microarray analysis revealed that 2h stimulation with CpG-ODN op-regulated SOoenes 
and down-regulated five genes. These genes were identified as being ass^a^witf. inflam- 
mafon andniKrobial defense, transcriptional regulation, signal transduction, tumor progres- 
sion. ceU ifferennabon. proteolysis and metabolism. Longer stimulation (8h) with CpG-ODN 
w'i^'T't? of 58ge„es; Among these SSgenes. none excL one 
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1 Introduction 

Manunals protect tJiemseJves against patltogen infection pri- 
rnnnly via innate and adaptive ijnrnunity JIk innate 
irmnmie s>'stcm relies on a set of pattern f ecognition receptors 
(e-g. ToUdiJce receptors) 16 recognize foreign nioJeodar strtjc- 
tures such as Iipopo]ysacc}iaride (LPS) and bacterial DNA (2, 3). 
innate immune cells recognize these molecular sbuctures and 
nnhate not only innate but also adaptive immunity by produc- 
ing irnnnmomodulatory cytokines and activating T and U 
nnrnime cells [1]. Bacterial DNA can directly activate B cells to 
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proliferate and secrete mununo^obulins in a Tcell-independ- 
ent manner [4-6}. It also induces B cells and monocytes to 
activate transcription factor NF-kB and secrete cytokines, 
including interleukin (11) 12, tumor necrosis factor a (TNF-<x), 
and interferon a/p p-10|. The immunostimiilatory activity of 
bacteria] DNA has been assigned lounmethylated CpG moti6 
(GACG J J for murine, GtCGTTfor human) (11). Recent evi- 
dence shows that synthetic oligodeoxynucleotides containing a 
CpG motif (CpG-ODN), like bacterial DNA with the CpG moi- 
ety (CpG-DNA), induce potent Thl-Kke immune responses 
that are protective against several infectious agents and 
immune disorders in animal models (1 2, 1 3]. Biologically active 
CpG-ODN, like bacteria DNA, activates macrophages and 
immature dendritic cells to inaease expression of MHC class 
II and costimulatory molecules, thereby transcribing cytokine 
mRNAs, and producing pro-inllainmatOTy cytokines including 
TNFa, a-1, JL-6 and lL-12 1?, 14-16). CpG-ODN can therefore 
serve as an adjuvant and immunomodulator in vaccines 
against a wide variety of targets, including infectious agents, 
cancer antigens and allergens [17]. 

. It has been suggested that unmethylated CpG-DNA-medi- 
ated immime activation functions through a toll-like receptor 9 
(TLR9) signabng pathway |18]. Endocytosis and sequentially 
endosomal maturation as well as bin ding of heat shock protein 
{HSP) 90 to CpG-DNA are essential for induction of TLR9 sig- 
nal transduction |]9, 20|. M has also been shortvn that recogni- 
tion of CpG-DNA causes TLR to form a dirtier, which recruits 
the adaptor molecule, myeloid differentiation factor 88 
(MyD88), through interaction between their C-terminal ToD/lL- 
IR domains. This recruitment of MyD88 to the ToD/lL-lR do- 
main of TLR 9 initiates a signaling pathway that sequentially 
involves IL-lR-assodated kinase 1 and TNF-a receptbr-asso- 
dated factor 6 |18, 21, 22). Studies using gene-defidenl mice 
and RAW2647 cells transiently transfected with dominant- 
negative forms of these molecules have indicated that the 
MyD88-mediated signaling pathway is essential for CpG-DNA 
induced activation of NF-kB and c-Jun NHj- terminal kinase 
(JNK), as well as subsequent production of cytokines in mono- 
cytic cells [18, 21, 22]- lire precise mechanism of action of CpG- 
DNA and CpG-ODN, noneO)eless, is still not thoroughly 
understood. To further eKiddate the molecular events after 
binding of CpG-ODN to TLR9, in this study, we treated CpG- 
ODN responsive THP-1 cells with CpG-ODN 2nd evaluated 
changes by using DNA miaoauay and proteomic approaches. 
We have discovered up- regulation of more than 50 disting- 
uished genes/proteins and identibed induction of several anti- 
apoprotic and neuroprotecting genes by CpG-ODN treatment. 

2 Materials and methods 
2.1 Reagents 

Phosphoiothioare modirjeJ CpG-ODN and GpC ODN were 
synthesized by MDBio (Taipei, Taiwan). Human specific 
ODN sequences are: CpG-ODN, S^TCG TCG TTTTCT CGT 



Ttr GTC GTT-3'; GpC-ODN, S'-TGC TGC TIT TGT GCT 
J J J GTG Cl i-3'. The mouse spedfic CpG-ODN sequence is 
5'-TCC ATG ACG TTC CTG ATG CT -3*. CHCA was from 
- Sigma (St Loms, MO, USA). 

2.2 Cell culture 

Cell lines were obtained from the American Type Cxilture 
Collection (Rockville, MD), Mouse RAW264.7 macrophage 
and human embryonic kidney 293 cells {HEK293) were cul- 
tured in DMEM- supplemented with 10% heat inactivated 
fetal bovine seirum^ 1(H) U/ml pem'cillin, 100 pg/inL strep- 
tomycin sitilfate, 200mmol/L L-gJulamine, and 50 jim p-mer- 
Captpethanol in a humidified atmosphere of 5% CO^ at 3TC 
The medixmi was changed every 2 days for all experiments. 
Human THP-1 monocytic leukemia cells, which have been 
shown, to express TLR9 and respond to CpG-DNA stimula- 
tion (23, 24], were cultured in RPMn640 with the same sup- 
plements as for RAW264.7 cell cultmres. 

2.3 Hunnan cDNA microarray 

Total RNAs extracted from cultured THP-1 ceDs were isolated 
v«th TOlzoJ (Inviliogen, Leek, The Netherlands) and submitted 
to Genasia Biotechnology (Taipei, Taiwan) for fiirther proces- 
sing. In brief, 4 pg of total RNA from CpG-ODN stinrirJaled, or 
normal THP-1 ceDs was labeled with a fluorescence marker 
(U-vision, (Taipei, Taiwan)). Diflerent colored fluorescerKe dyes 
(Cy5 and Cy 3) were used to distinguish total RNA from normal 
and ODN stimulated ceDs. The labeled RNA was used for 
hybridization with the Human 1 cDNA microchip from Agilent 
Technologies (Palo Alto, CA, U SA). The chips were scanned and 
the expression pattern was analyzed using genechip software. 
Genes showing up-regulation or down-regulation (^RNA levels 
were analyzed and identified on a genomic database as sug- 
gested by the manufacturer of the microchip. 

2.4 Protein preparation 

THP-1 cells were seeded in a 175 cm^ tissue culture flask at a 
density of 10^ cells per milliliter in culture medium. Tlie cells 
were stimulated with or vi^thout 1.5 pM CpG-ODN at defined 
times and harvested by centrifrigation at 4**^ 1000 x g for 
]5min. Cell pellets were washed twice with ice-cold PBS. 
rcsuspended and sonicated in extraction buffer containing 
25 mM Tris-HQ {pH 7.5), 2mM p-mercaptoelhanol and pro- 
tease inhibitor cocktail. After centrifrigation at 10000 x gfor 
20 mrn, ammonium sulfate was added to the supernatant until 
the final cone en nation reached 50% satiuation w/v. llie solu- 
tion was stirred at 4°C for 30 min and centrifijged at 10 000 X g 
for 30min at 4X. The supernatant fraction was then n^ans- 
fened into a fresh tube, and the precipitated protein pellet 
soIubUized in extraction buffer To renjove salts and other con- 
taminants, the extracts were treated wiili a pie-fooled (— 20^C) 
solution of 10% TCA in acetone with 0.07% p rnercaptoetha- 
noJ. Proteins weie allowed to precipitate oveniigbt at — 20''C- 
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Aiter centrifiigation, the pellet was washed with ice-cold ace^ 
tone, contaimng 0.07% P-mercaptoethanol. The supernatant 
was discarded and the peDet dried in a SpeedVac system (Model 
AESlOlO; Savant, Holbrook, NY, USA). 

i5 2-DE 

2-DE was performed using an IPGphore lEF and a Hofer 
OAIT vertical unit (Amersham Biosciences, Piscataway^ NJ, 
USA). One milligram of dried protein sample was dissolved 
in 350 (iL of rehydration buffer solution, containing 7 m ixrea, 
2 M thiourea, 4% w/v CHAPS, 5 mu tributyl phosphine, and 
2% IPG and loaded onto an imraobih'zed pH 3-10 linear 
gradient strip (18 cm), followed by rehydration for 16h. lEF 
was then performed in the following manner: lOOV for 
30min, 250 V for 30min, 500 V for 30min. lOOOV for - 
30 min, 4000 V for 30 min, 6000 V for 55 000 Vh. At the end 
of lEF, the IPG strips were equilibrated for 15 min in buffer 
containing 6 m urea, 2% w/v SPS. 30%v/v glycerol, and 
50 mM Tris, pH 6.8, then reduced with 65 mM dithiorery- 
thritol (DTE) and subsequently alkylated with 135mM 
iodoacetamide for another 15 min. After equilibration, the 
IPG strips were immediately placed on top of a 12% SDS^ 
PAGE (1.5 mm,. 20x24 cm). The second dimension gels 
were then overlaid with molten 0.8% agarose solution in 
SDS electrophoresis buflfei: Electrophoresis was performed 
at 16X. starting at 10 mA per gel for 1 b, followed by 45 mA 
per gel until the dye front reached the bottom of the gels. 

2.6 Staining and image acquisition 

Jnnnedialely after electrophoresis, gels were stained with 
SYPRO Ruby (Molecular Probes, Eugene, OK, USA). In 
brief, gels were fixed for 30 min in 10% methanol, 7% acetic 
acid, and then stained overnight in SYPRO Ruby stain. The 
staining solution was removed and gels were washed in 10% 
methanol and 7% acetic add for 3h. After staining, irnage 
acquisition was carried out on a Typhoon 9200 (Amersham 
Biosciences). To identify a protein, spot detection, quantifi- 
cation and matching of 2-D results were analyzed using 
ImageMaster software (Amersham Biosciences). The of 
the proteins were calibrated accojding to the LMW-SDS 
Maiker Kit (Amersham Biosciences), and tlieir pi values 
were estimated from the position of the protein spots on the 
2-D gel and confirmed with the information supplied by the 
manufacUirer Since most of the p^ values for the truncated 
proteins had not been reported previously, the p/ values of 
the truncated proteins were estimated from the position of 
the observed spots. To omit ihe variation due to iJie use of 
separate gels, after background subtracrion, the intensit)' 
levels of protein spots ori each gel were normalized as a pro- 
portion of one reference spot, and protein quantities were 
calculated by integrating the density over the spot area. Pro- 
tein spots that showed reprochicibJe modulation exceeding 
--80% after CpG-ODN treatment in thiee experiments were 
further analyzed by MS. ■ 
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2.7 In-gei digjestion with trypsirt arid extraction of 
peptides 

Protein spots were excised fiond stained gels and cut into 
pieces. In brief, gd spots lyere dehydrated with ACN for 
lOmin and dried in a vacuum centiifiige. Gel pieces were 
reswelled v^ith 55mM DTE in 25 mw ammonium bicarbon- 
ate (pH 8-5) at 3rC for 1 h. The sohitiOn was then exchanged 
writh allcybtion solution, which contained lOOniM iodoaceta- 
mide in 25 mM ammonium bicarbonate (pH 8.5), at room 
temperature for 1 h. After- allcylation, the gel pieces were 
washed twice with 50% ACN in 25 mM ammoniurn bicarbo- 
nate {pH 8.5) for 15 min. The wash solution was discarded 
and the pieces of gel were dehydrated with ACN for lOmin 
and dried in a vacuum cenbiluge. Tryptic digestion was 
initiated by reswelling the gel in 25mM ammonium bicar- 
bonate solution with 25 ng of trypsin' (Promega, Madison, 
WI, USA). After incubation at yrC for 16 h, tryptic peptides 
were extracted twice. vnth 50% ACN containing 5% formic 
acid for 15 min with moderate sonication. The extracted 
solutions were pooled and evaporated to dryness in a vacuum 
centrifuge. The dried peptide mixture was dissolved in 0.1% 
forrmc add and used for MS. 

2.8 MALDI-Q-TOF MS and protein identification 

Tryptic peptides analyses were performed using a Micromass 
Q-TOF Ultima MALDl {Micromass, Wydierishawe, U.K.) 
equipped with a 337 nm nitrogen laser and operated in 
reflectron positive ion mode. Peptide mixtures (1 \xL) were 
prembced with 1 pL of the matrix (5mg CHCA in 50% ACN 
with 0.1% TFA) Oien spotted onto the MALOl target plate. 
Mass spectra were acquired for die mass range of 900- 
3500 Oa and the individual spectra from MALDl MS or MS/ 
MS were processed using the Micromass Masslynx 4.0 soft- 
ware. The generated pealc list files were used to query the 
Swiss-Prot database using die MASCOT program (http:// 
wwnv.matrixscience.com) with the following parameters: 
peptide mass tolerance, 50ppm; MS/MS ion mass tolerance, 
0.25 Da; allowance of missed cleavage, 1; and consideration 
for variable modifications such as oxidation of metliionine 
and carboxyamidomethylation of cysteines. Only significant 
hits as defined by MASCOT probability analysis were con- 
sidered biitially. Jn addition, when the PMF matches were 
between 5 and 9. at least one peptide sequence was manually 
chedced by MAIDI MS/MS analysis. 

2.9 RTPCR analysis 

cDNA fiom THF I cells was produced w^th Superscript II 
reverse transcriptase (Invitiogen) using a ohgo|dT)j5 primer 
for 1 h at PCK of cDNA was performed using speciBc 

primers for the gene of interest and control p-actin. All PCR 
products were clectrophoresed on a 1,5% agarose gel, and 
DNA bands weie visxialized by staining the gel with ethi- 
dinni bromide. 



vvww.pl oteornics-joornal. de 



Proteomics 2005, 5, 894-^06 



IK^griStg^Snp 897 



2.10 Immunoblotting 



3 Results 



Human THP-1 or mouse maaophage RAW264.7 cells 
(5 X 3 X 10^/weD) were cultured in a six-well culture 
plate and treated with or without 1.5 pM CpG-ODN for . 
the . designated times. After stimulation, cells were harvest- 
ed by centrifugation at 1000 x'g fot ISmiii in a refri- 
gerated centriiuge and washed twice with cold PBS buffer. 
The ceils were Jysed on ice for iS min with , 300 )iL lysis 
buffer (Pierce, Rockford. USA), supplemented with pro- 
tease inhibitor cocktail (Sigma). The lysates were cen- 
trifiiged at 12000 x g for 15min at 4% and protein 
concentrations of supernatant were determined using the 
Bio-Kad Protein Assay (Hercides, CA^ USA). The lysates 
(50 Mg of protein/lane) were subjected to 12% SDS-PAGE 
and traiisferred to NC rnenibranes (Amersham Bio- 
sciences). The membranes were blocked in PBS-0.1% 
Tween 20 (PBSTj containing 5% non-fat. skim milk at 
room temperature for 1 h, followed by staining with anti- 
ADP-ribosylation factor 3 (ARF-3) monodoiial antibody. 
(0.1 pg/mL; Sigma). The rnembranes were then incubated 
with horseradish peroxidase-conju gated secondary anti- 
body (dilution, 1:3000) for Ih. After washing three times 
with PBST, specific bands were detected by chemilumi- 
nescence according to the manufacturer's protocol 
(Amersham Biosciences)- . . ; 

2.11 Cell transfedion and lucif erase assay 

HEK293 cells (5 x 3 x 10^/weD) were transfecled using 
FuGENE 6 (Roche Molecular Biochemicals, Indianapolis, 
IN, USA) plus 0.1 Mg p5xNF-KB-luc (Stratagene, La ]olla. CA, 
USA), 0.05 Jig pCDNA3.1 -p-gaiadosidase, and pCDNA3;l- 
hTLR9 overnight The cells were incubated with or .without 
1.5 JIM CpG-ODN for 8h and then lysed. NF-kB luciferase 
activity assays were performed as recommended by the 
manufacturer (Promega). ^galactosidase activity was used to 
normalize the data. 

2.12 Enzyme activily assay 

F*yruvate kinase activity was assayed in a solution (1 nil) 
containing lOOmM Tris-Ha (pH 8.0). 100 mM KQ, 10 mM 
MgClz, 0.2 mM NADH, lOmM PEP, 1.5 mM ADP, lunit of 
lactate dehydrogenase, and an appropriate amount of cell 
lysate from CpG-ODN untreated or treated THP-1 cells. The 
reaction was monitored at 30°C for a period of time by 
measuring the decrease in absorbance at 340 nm. PGK ac- 
tivity was assayed in a coupled leaction with glyccr aldehyde 
3- phosphate dehydrogenase |GAPDH) as described by Lee 
[251. brief, the assay was performed at 30°C in a total vol- 
ume of 1 mL containing lOOmM Tris-HCI (pH 7.9). lOmM 
MgCli, 0.15 mM NADH. 2mM ATP, 6rnM 3-phosphoglyce- 
rate. 0.1 mg/mL BSA, 50 mg of GAPDH, and an appropriate 
amount of ceU lysate. NADU consumption was monitored at 
340 nm. 



3.1 Effect of CpG-ODN on gene expression profiles of 
hun>an THP-1 ceHs 

To dudd^te the eflect of CpG-ODN on gene eacpressioD. 
TTlP-1, a cell line known to express TLR9 and respond to 
CpG DNA (23, 24) was cultured with or without CpG- 
ODN. Since prelirninary experiments showed that 13 
CpG-ODN caused more contrasting results between nor- 
mal and CpG-ODN treated cells, 1.5 pM CpG-ODN was 
used throughout the experiments. To distinguish CpG- 
ODN treated samples from the control, totaJ cellular RNA 
of normal and CpG-ODN treated cells was isolated and 
labeled with the fluorescence dyes, Cy5 and Cy3, respec- 
tively. The labeled RNA was then used for hybridization 
with a Human 1 cDNA microchip from A^ent TechncJ- 
ogies. Of the 13 000 human , genes- represented on the 
gene array, a total of .55 genes changed expression sign- 
ificantly after 2h. CpG-ODN treatment Among these, 
50 genes were up-regulated while five genes were down- 
regulated by a factor > 2. These genes were sorted by 
functions and are Hsted in Tables 1 and 2. They included 
notably, lL-18 receptor accessory protein, MSG A beta 
gene, thioredoxin, pro-pol-dUTPase polyprotein, Spl40, 
connexin 59 gene, Grb2-like 2, enoyl-coenzyrae A hydra- 
tase, propionyl coenzyme A caibotxylase, cytochrome P450, 
and WNTl inducible signalinjg: pathway protein 2 (WJSP- 
2) etc. The function of these genes are known to be relat- 
ed to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal trarisduc- 
lion, tumor progression, cell differentiation, proteolysis 
etc. ... 

Table 1. Genes up-regutated t> 2 fold) in human THP-1 cells after 
2 h of CpG-ODN treatment 



Gene name and description 
{changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

lL-18 receptor accessory protein AF077346 

T cell receptor V beta gene X58806 

MGSA, beta gene U03019 

Antigen gene tPA) M21896 

TIED NM_0D4791 

Platelet activating receptor AF002986 

Antimicrobial defence 

Thioredoxin. NM_0O3329 

Pro-Pol-dUTPase polyprotein AC004748 

Nuclear body protein Spl40 U63420 

Transcriptional regulation 

Putative transcription factor LUZP A1986271 
General transcription factor tl, I, pseudogene 1 A1700706 

Connexin 59 gene L29277 

Basic helix- loop-helix pr otcin class B 1 AF22 1 520 
1BHLHB1) 
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Table 1. Continued 



Ger*e name and description 
(changed fold > 2) 



Genebank 
number 



Regulatory protein 

Advillin AF041449 

t 

Channel and transport , 

Small 6TP binding protein Rab9 U 441 03 

FXYD domain-containing ion transport An25364 
regulator 1 

Signal transduction 

SH3-d6main 6rb2-llke 2 AFb36268 

Titin X90568 

Titin associated protein 1 1 65 kD protein) X69089 

KIAA145t protein AB040884 

Vasoactive intestinal peptide receptor Ul 1087 

Enzyme and protease 

Enoyl-Coenzyme A, hydratase AI800553 

Nephrin, B-type metallocarboxypeptidase U65090 

Propionyl Coenzyme A carboxylase ABOl 1 145 

Acyloxyacyl hydrolase (neutrophil) M62840 

Cytochrome P450 U79716 

Intestinal alkaline phosphatase M31008 

Tumor progression and cell differentiation 

. Retinoblastoma 1 LI 1910 
Human genomic DNA of 9q32 anti-oncogene AB036268 

of flat Epitherium cancer, 

segment 6/10 

WNTl inducible signaling pathway protein 2 AF 100780 
IWISP-2) 

Structure protein 

Collagen, type IV, alpha 6 D2 1 337 

Beta Myosin heavy chain M58018 

Other 

Homo sapiens Cri-du-chat region mRNA, U52827 
clone NtBBII 

Human mRNA for laminin alpha 5 chain, AB010099 
partial cds. 

NIK like and Thyroxin-bindirig 283850 

globulin precursor 

Hypothetical protein DKFZp434M0331 ALT 37720 
Hypothetical protein FLJ1 1021 similar ; AK023985 

to splicing factor 

Hypothetical protein AL049851 

Chromosome 18 open reading frame 1 NM_004338 

Arfaptin 1 AW4087B5 

Zinc finger protein 8 (2FP8) M29581 

Zinc finger protein 137 (clone pHZ-30) U09414 

Ollactomedin related ER locolrzed protein AI738468 

Cyclin-dependent kinase 8 BE467537 

Inlegrin, alpha 1 D87462 

KIAA0421 protein AB007881 

KIAA1233 protein AB033059 

Unnamed protein product AK026362 

NBL4 X75535 

BC33n91_l AAD3J)268 
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Table 2. Genes cjown^ regulated (> 2 fold) in human THP-l cells 
after 2 h of CpG-ODN treatment 



Gene name and description 


' Genebank 


(changed fold > 2) 


number 


Zinc-finger hon^eodomain protein 4 . 


BAB0360P. 


Human protein kinase MEKK2b mRNA, 


AF239798 


complete cds. . 




G»ypicari 5 . 


U66033 


Human genomic DNA, chromosome 22qn.2,. 


AP000362 


clone N75A12. 




Collagen, type 1, alpha 1 


Z746i5 



Longer stimulation of THP-1 cells with CpG^ODN (8h) 
resulted in the up-regulation of 58 genes. These genes in- 
cluded notably IL-10 receptor beta, formyl peptide receptor. 
liJcel (FPRLl), vitamin D receptor; nudear receptor sfub- 
family 1 (UR), early B-cdl factor, protein Idnase C gamma 
(PKC), Nek, Ash, phosphohp'ase C binding proton (NAP4), 
phosphoriboxyl pyrophosphate amidotransfcrase, dishev- 
eled 3, WISP-2 eta Analysis of the functions of the 58 up- 
regulated genes showed that they are associated with anti- 
inflammation, transcriptional regulation, intraceUular signal 
transduction, tumor progression, cell differentiation, pro- 
teolysis, neurodegeneration, neuroprotection dc, frable3).. 
We also found that the stimulation of THP-1 cells with CpG- 
ODN for different periods of times resulted in different pro- 
files. Several defense related genes such as 1H8 receptor 
accessory protein, Pro-Pol-dUTPase polyprotein, Spl4p and 
connodn 59 were transiently up-regulated at 2 h short stira- 

Table 3. Genes up- regulated (> 2 fold) in human THP-1 cells after 
8 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Innammation and receptor 

IL-10 receptor (beta) 

Formyl peptide receptor- like 1 IFPRL1) 

Vitamin D receptor 

NMDARl 

CD44 antigen 

Nuclear receptor subfamily 1 (LxR) 
Neuromedin B receptor 

Transcriptional regulation 

Early B-cell factor (ebf) 

Neurogenic differentiation 1 (NeuroD) 

MAX dimeri20lion protein (NESH protein) 

Ribosomal protein S6 kinase 

ASH2I. 



Regulatory protein 

MypolhcticDl protein DKFZp434H0820 
Peroxisomal farnesylated protein 
LTBP4 ' 

Neuronal pcnlraxin II 



U08988 

AF081535 

J03258 

Z32774 

AW028346 

NM_005693 

M73482 

AF208502 
AB018693 
AB037886 
AF090421 
AB022785 



AL 137555 
X75535 
AF051344 
U29 195 
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Tables. Continued 



Gene name anti description 
(changed fold > 2) 



Genebank 
number 



Table 4. List of antimicrobial and anti-inflammatory gents 
modulated by CpG-ODN treatment of THP-1 cells 



Channel and transport 

Gamma-aminobutyric (611 A receptor NM_004961 

ATP synthase subunit F6 M37104 

trar>sient receptor potential channel 1 Z73903 

Choroiderernia (Rabescbrt protein 1) X57637 

Signal transduction 

Protein kinase C, gamma Z15114 

Regulator of G-protein signaling 5 . AI674877 . 

Nek, Ash and phospholipase C binding . AB065216 

protein INAP4) 

Highly sirnilar to adeylate kinase gene AB016886 

Enzyme and protease 

Phenylalanine hydroxylase AA203389 

Car boxy peptidase A 1 X67318 

Xylulokinase AK001205 

Pancreaticlipase J05125 

Ubiquitin specific protease 12 AF022789 

Transmembrane protease, serine2 U75329 

Aspartate bata- hydroxylase UD3109 

Phosphoribosyl pyrophosphate D13757 
amidotransferase 

• TumcM^ progression and cell differentiation 

CEX:23 AF053977 

WiSP-2 AF100780 

Microseminoprotein, beta M34376 

Dishevelled 3 NM„064423 

Structure protein 

Trichohyalin L09190 

Kertain AF0618D9 

Other 

Human transferrin pseudogene M22376 

TIIVIP-2 U44383 

Collagen-like protein U67921 

Human genomic DNA, chromosome 21q, AP0017 16 
section 60/105 

Human genomic DNA, chromosome 21q, AP001720 

section 64/105 

KIAA0136 D50926 

KIAA0379 AB002377 

KI/W\0489 AB0D7958 

KIAAm4 ' AL049732 

KIAA1451 AB040884 

KI/VA0756 AB018299 

Zinc finger protein 267 AF220492 

Hypothetical protein FU10533 AK001495 

Hypothetical protein EUROrMAGE 1955967 AK026108 

Mybl homolog like 1 AK001893 

Antizyme inhibitor D88674 

Disintegrin-like and metaMoprotease AB002364 

(reprolysin type) with Thrombospondin 

type 1 motif, 3 

ADP-iibosyration tactor 3 (ARF-3) M74491 

Testis specific protein, Y- linked M98525 

Unnamed pi otein AK026042 



Gene name 



Genebank 



Expression fold 









2b 


8h 


Connexm 59 gene 


L29277 


2.12 


±0,05 


1.74 ± 0.08 


IL-18 receptor 


X58806 


2.32 


±0^21 


1.19 ±0.13 


accessory protein 










Integrin, alpha 1 


X68742 


2.01 


±0.03 


1.05 ±0.10 


Nuclear body protein 


U63420 


2.22 


± 0.11 


1.39 ± 0.04 


Sp140 










Pro-Pol-dUTPase 


AC004748 


2.33 


±0.18 


0.95 ±0.03 


. potyprotein 










Thioredoxin 


NM_003329 


2.20 


±0.08 


1.07 + 0.01 


FPRLi 


AF081535 


0.95 


± 0.06. 


2.13 ±0.11 


lL-10 receptor 


U08988 


1.22 


±0.18 


2.21 ±0.07 


LxR 


NM_005693 


0.90 


± 0.03 


2.37 ±0.31 


Vitamin D receptor 


JD325B-- 


1.37 


±0.23 


2.39 ±0.11 



Expression fold is designated as the ratio of CpG-ODN treated 
over control 



uJatioji but were down-ieguJated thereafter, while anti- 
inflammatoiy associated genes such as FPRLI, ILIO recep- 
tor, vitamin D receptor and LxR were up-regulated after 8h 
stimulation fTabJes 1, 3 and 4). 

3.2 Verification of the microarray results with RT-PCR 
or Western blotting 

To verify the results from the naicroarray analysis, we also 
performed RT-PCR on the up-regulated genes (Fig, 3). Con- 
sistent with results obtained in the miaoarray gene expres- 
sion analysis, RT-PCR studies showed thai the roRNA levels 
of some selected genes, including ubiquitin specific pro- 
tease 12, regulator of G-protein signaling 5, NAP4 and 
ASH2L, were increased in response to CpG-ODN (Fig. 1, 
Table 3). In addition, the protein ecpression level of ARF-3 



prot»ase 12 
Rf9%il3tor of & I 
prot»in srgnalirK) 5 J 



CpG-ODM 




Figure 1. (nduction of various genes by CpG-ODN. THPl celts 
were stirnuloied with mediiim alone, 1.5 pM GpC-ODN tos the 
negative control) or CpG-ODN tor the indicated times. -RT-PCR 
was ihen perloimed to analyze gene e5(pression levels, ^actin 
was used as an inlernal control. The experiment was repeated 
three times with similar results. 
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ARF-3 



Actin 




Figure 2. Cp6-0DN induced ARF-3 protein expression tn human 
THP-1 or mouse RAW264.7 cells. THP-1 (A) or mouse RAW264.7 
tB) cells were Incubated with 1,5 jim CpG-ODN for the indicated 
time points. The protein expression level of ARF-3 was deter- 
mined by Western blotting of cell extracts using aml-ARF-3 ami- 
body. The experiment was repeated three times with similar 
results. 

was shown to inaease in Western blottiiig analysis in cell 
lysates from THP-1 cells treated with CpG-ODN for g-24h 
(Fig. 2A). Similar studies showed that the ARF-3 protein was 
also induced by mouse specific CpG-ODN in other TLR9 
expression cell Knes such as the mouse macrophage 
RAW2M.7 cell line (Fig 2Ef). 

3.3 Proteins regulated in CpG-ODN stimulated THP-1 
cells 

To further assess whether there was any correlation between 
regulation of gene expression and expression of cellular pro- 
teins, a proteomic approach was adopted to identify protein 
expression profiles. THP-1 ceUs were treated with CpG-ODN 
for defined times (from 8 to 40h). and their cytoplasmic 
proteins were extracted for 2-DE analysis. Although the use 
of high concentrations of urea might give us a broader view 
of all the proteins aflfected by CpG-ODN, preliminary results 
from 2'D gels showed that the resolution of the protein mix- 
tures were not satisfactory. To improve and get the best reso- 
lution from 2-DE. total proteins were roughly separated into 
supernatant and precipitated fractions using 50% saturated 
ammonium sulfate sohition. To remove salts ahd other con- 
taminants, both protein fractions were precipitated with TCA 
solution and then subjected to 2-DE. By protein spot deter- 
minafion analysis, about 500 and 450 well-resolved spots 
were observed on each pH 3.0-10.0 gel for precipitated or 
supernatant fractions, respectively Comparative analysis of 
2-DE bervveen treatments and control showed that the inten- 
sities of the protein spots from ihe ammonium sulfate pre- 
cipitated fraction did not change, while several protein spots 
were up^regulatcd by at least -80% in the supernatant frac- 
tion of 8h CpG-ODN stimulated THP-1 cells (Fig. 3). 

The protein spots were individuaUy excised from gels for 
further identification. After trypsin digestion, several protein 
spots were identified without ambiguity by MS MALDl- 



Untreated 





^^^^^ 




Figure 3. The effect of CpG ODN on the 2-DE profile of THP-1 
cells. THP-1 cells were treated with or w^ilhout 1.5 pM. CpG-ODN 
for 8h. Total proteins were extracted and roughly separated Into 
two fractions by 50% saluiation with ammonium sulfate. The 
supernatant fraction was then separated by 2-DE. Protein spots 
were visualized by SYPRO Ruby staining. Comparison of CpG- 
ODN treated THP-t cells to untreated cells showed that these 
proteins changed in intensity by over 80%. Protein spots were 
identified by trypsin digestion and MS. Localization of protem 
spots 1 (enoly-coenzyme A hydratase), 2 Iproteasome a) and 3 
(cyclophilinA; two isolorms) are shown. The experiment was 
repeated three times with simitar results. 

TOR These proteins included HSP60, HSP90, cyclophr- 
linA, enoyl-coenzyme A hydratase, eukaryotic translation 
elongation factor, proteasome a and p drain and ATP syn- 
thase beta chain ffable 5). . Similar experiments on cells 
treated for a longer period of time with CpG-ODN stimu- 
lation {25 h) revealed that 27 protein spots were changed in 
intensity by at least -80%. These protein spots contained 
members of HSPs (HSP27. hsc70, grp78 and grp94), 
metabolic enzymes (phosphogly cerate kinase (PGK) and 
pyruvate kinase {PYK)). maoophage capping protein and 
cyclophilin A (Table 6). Among these proteins, macrophage 
capping protein. PGK, PYK, cyclophilinA and HSP27 
(Figs. 4 and 5A) were found to be up-regulated. Interest- 
ingly xve found that a truncated form of grp78 with an 
expected mass of 25 kDa and pj of 5.3 was up-reguJated 
while grp78 itself was do%vn. regulated. A similar situation 
was also found foi grpD-l and hsc70 and their truncated 
derivatives (Table 7 and fig. 5). In addition, wc also ob- 
served six down-regxjlated protein spots on 2 D gels in 
samples after 25 h CpG-ODN treatment. Among these six 
proteins, we have successfidly identified tluee as AOs ribo- 
somal protein SA. grp78 and hsc70,' respectively (Table 6), 
while the other three, due to their relative low abundance, 
have not been identified yet. 
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• Table 5. List of proteins modulated by 8 h CpG-ODN treMment 



Protein name 


Accession 






Matched 


Cover- 


Score 


Expression 




no* 


(theor.) 


(theor.) 


no. 


age% 




fold 


ATP synthase beta-chain 


gi114549 


56 525 


5.26 


15 


58 


171 


2.33 ± 0.06 


Cyclophilin A 


P05092 


17 870 


7.82 


5 


35 , 


62 


2.85 ± 0.13 


Enoyl-Coenzyme A 


914503447=^(35 971 


6.61 


11 


44 


62 . 


2.52 ±0.05 


hydratase 
















Eukaryotic translation 


gi4503481 


50 087 


6.25 


6 


25 


68 


3.4 1± 0^1- 


elongation factor 
















HSP60 


P10809*** 


57 963 


5.24 


13 


27 


76 


2.78 ± 0.03 


HSP90-beta 


P08238 


83133 


4.97 


10 


18 


65 ■ 


2.36 ±0.10 


Proteasome a chain 


gi4506181 


25882 


6.92 


n 


59 


80 


2.52 ± p. 11, 


Proteasome p cha»n 


gi4506193 


26 472 


8.27 


9 


46 


84 


3.85 + 0.17 



Expression fold is designated as the ratio of CpG-ODN treated over control 

a) , NCBI accession number 

b) Swiss-Prot accession number 



Table 6. List of proteins modulated by 16 and 25 h CpG-ODM treatment 



Protein name 


Swisfe-Prol H 




Match- 


Cover- 


Score 


Expression fold 




no; 


(theor.) 


Itbeor.) 


ed no. 


age% 




16 h 


25h 


Cyclophilin A 


P05092 


17 870 


7-82 


5 


35 


62 


2.53 ± 0.02 


2.48 ± 0.15 


78kDa glucose regulat- 


P11021 


72 288 


5.07 


13 


30 


148 


0.61 ± 0.04 


0.29 ± 0.06 


ed protein (grp78) 


J 
















HSP27 


P04792 


22 768 


5.98 


12 


59 


124 


1.00 ± 0.01 


2.61 ± 0.12 


Heat shock cognate 


P1 1142 


70 854 


5.37 


16 


34 


114 


0.64 ± 0.01 


0.31 ± 0.03 


70kDa protein 


















{hsc70) 


















Macrophage capping 


P40121 


38 494 


5.88 


9 


30 


58 


1.31 ±0.01 


2.58 ± 0.03 


protein 


















Phospboglycerale 


P00&58 


44 284 


7052 


11 


33 


71 


2.32 ± 0.11 


4.23 ±0.19 


kinase 


















Pyruvate kinase 


P14618 


57710 


7-95 


17 


32 


114 


1.65 ± 0.07 


2.70 ±0.12 


40s ribosomal protein 


P08865 


32 833 


4-79 


5 


23 


61 


0.33 ± 0.02 


0.35 ± 0.05 



SA (RSP40) . 



Table 7. List of truncated proteins detected in THP-1 cells after 25 h CpG-ODN treatment 



Protein name. 


Swiss-Prot 


M, 


P' 


Matched 


Cover- 


Score 


Expression 




no. 


tobs.) 


(obs.) 


no. 


age% 




fold 


94 kDa glucose- regulated 


PI 4625 


-59700 


-5.00 


12 


14 


104 




protein tgrp94) 
















Truncated form of grp78 


P11021 


-25000 


-5.30 


12 


22 


75 


New 


Truncated form of hsc70 


Pni42 


-22 000 


-5.80 


12 


20 


96 


New 


Truncated form of hsc70 


Pni42 


-19000 


-6.10 


11 


18 


113 


New 



n) New designated proteins detected *m the CpG-ODN treated gel but not in the corresponding control gel 



3.4 Comparison of microarray and proteomic results 

Table 8 shows the expression of six genes and their corre- 
sponding proteins that were modulated by 8h treatment of 
THPO cells with CpG-ODN. Besides enoy]-coenz>7ne A 
hydratase, there was poor correlation between the expression 



of genes and their corresponding proteins (Table 8), sug- 
gesting that more in-depth studies were needed. To further 
evaluate whether changes observed in protein expression 
correlated with changes in mRNA levels, we randomly chose 
two proteins (PGK and PYK) that were induced after 16h 
CpG-ODN treatment and determined their mRNA levels by 
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Rgure 4. 2-D gel elect rophoretic onalysis of CpG-ODN-treated 
THt>-1 cells. (A) Total cell protein from unstimulated THP-1 cells 
was subjected to 2-DE ' (B) THP-1 cells were treated whh or with- 
out 1,5 MM CpG-ODN for defined times. Cellular proteins were 
extracted ond separated by 2-DE. Several up-regulated proteins 
are shown in the SYPRO Ruby staining gel. Comparison of CpG- 
ODN treated THP-1 celts to untreated cells showed that these 
proteins changed in intensity by over 80%. The experiment was 
repeated three times with similar resulls. 




Figure 5. 2-D gel electrophoreiic analysis of CpG ODN-treated 
TMP-1 cells. THP-1 cells weie ticatcd with or without 1.5 jim CpG- 
ODN lor deftnetl times. Cellular proteins were extracted and 
separated by 2-DE- Protein spots were delected by SYPRO Ruby 
staining. (A) Expression of HSP27 was induced by increasing the 
period ol CpG-ODN stimulation. A truncated form of hsc70 was 
detected on the gel. {B) The native form of grp7B was detected in 
untreated cells, while (he truncated form of grp78 was observed 
after 25 h stimulation. The expcrimejit was repeated three times 
with simitar results. 



Table 8. Comparison of gene and protein expression levels in 
THP-1 cells after 8 h CpG-ODN treatment 



Protein name 



Gene 

expression 
fold Uom 
microarray 



Protein 
expression 
fold from 



Enoyl-Coenzyme A hydratase 


1.72 ± 


0.31 


2.52 ± 


0.05 


Eukaryotic translation 


0-95 ± 


0.01 


3:41 ± 


0.21 


elongation factor 








HSP60 


0.94 ± 


0.07 


2.78 ± 


0.03 


HSP90-beta 


1^58 ± 


0.11 


2.36 ± 


0.10 


Proteasome a chain 


0.98 ± 


0.03 


2.52 ± 


o.n 


Proteasome p chain 


1.09 ± 


0.11 


3.85 ± 


0.17 



RT-PCR. Our restUts showed that mRNA levels of PYK 
increased after 16 h Cj^G-ODN treatment, while mRNA 
levels of PGK were dramatically increased after 24 h stimu- 
lation (Fig. 6). In addition, we also performed enzyme activ- 
ity analysis and found that the activity of PG K and PYK were 
3.5 



5 23 

o 

to 

>. 

^ 1 

a: 

0.5 4 



(A) 

□ GpC-ODN 
SCpGODN 



ft 



0 I ' ' nrn -. f 

0 2 



16 



24 



Time (b) 




4 8 
Time (h) 

Figure B. Activities of PYK 3r>d PGK induced by CpG-ODN. THPl 
cells were slrrDuIated with medium alone, 1.5 pr^ GpCODN las 
the negative control) oi CpG-ODN lor the indicated times. Cell 
lysates were extracted and assayed lor (A) PYK and (D) PGK ac- 
livities. Data represent mean z SEM. ln= 3K 
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Rgure 7. Induction of PYK and PGK transcripts by CpG-ODN. 
THP1 cells were stimulated with medium alone, 1.5 jiM GpC-ODN 
or CpG-ODN for the indicated times. FT-PCR was then perforrried 
to analyze gene expressioru ^actin was used ais an internal con- 
trol. The experiment was repeated three times with similar 
results. 



indeed inaeased by 3 factor —2.5 after CpG-ODN stimula- 
tion (Hg. 7). To confirm that mRNA induced by CpG-ODN 
would also be accompanied by an increase in protein 
expression even though it was not detected in 2-D gel analy^ 
sis, we used more sensitive and speci6c Western blotting 
analysis. As shown in Table 3. and Rg. 2, ARF-3 was identi- 
fied in the miaoarray gene profile but not in the proteomic 
expression profiJe. Nevertheless, we observed enhanced pro- 
tein expression of ARF-3 after CpG-ODN stimulation by 
Western blotting. Moreover, to investigate whether the up- 
regulation of ARF-3 by CpG-ODN is mediated through the 
TXR9 pathvray 7XR9-deficient HEK293 cells were transiently 
cotransfected with hTLR9 and ludferase-reporter gene driv- 
en, by a NF-KB-depcndertt promoter. Our data showed that 
NF-kB activity of untransfecled HEK293 ceDs were not 
responsive to CpG-ODN stimulation, while in transfected 
HEK293 cells expressing hTLR9, NF-kB ludferase activity 
was up-regulated 12-fold after 8 h CpG-ODN stimulation. 
The activation of NF-xrB induced by CpG-ODN was blocked 
by. pietrcatment of the transfected cells v^dth an ARF-3 in- 
hibitor, such as brefeldin A (Fig. 8), suggesting CpG-ODN 
induces ARF-3 and activates NF-kB after the interaction of 
CpG-ODN with TLR9. 



4 Discussion 

In this study both microarray and proteomic approaches 
were used lo evaluate the effect of CpG-ODN on gene/pro- 
tein expression profiles of THP-1 cells at several time points. 
Comparison of tire gene expression profiles showed that 
stimulation of the ceils wilh CpG-ODN for different periods 
of time resulted in different profiles ffables )^). lire differ- 
ences in mRNA expression between the cells vioih short and 
long stimulation coiiJd be attribulable to the low rcpioduci- 
bilrty. However, to avoid experimental variations, we not only 
used the same batch of rniooarrays from the same manu- 
facturer but also applied tlie sajnples of short ar}d long term 
stimulation at the same time. In this way we found that the 



changes in expression fold of mRNA after CpG-ODN treat- 
ment were quite reproducible as shown by their mean 
± SEM (Table 4). A more Kkdy explanation for the difference 
in the expression level of mRNA uRei different periods of 
stimulation vnth CpG-ODN is that the transient increase or 
decrease in these mRNA by CpG-ODN plays a significant 
role in modulating biological fimctions. For example, we 
found that the IL-18 receptor accesswy protein from THP-1 
ceDs was up-reguhted after 2h of CpG-ODN stimulation. 
The lL:18/ai8R system is Imown to activate Thl-mediated 
immtme responses that play a critical roJe in host defense . 
against infection 12SJ. Together witb 1L-18/1U8 R, several 
genes foi antimicrobial defense were also mcreased, includ- 
ing tfaioredoxin, Pro-Pol-dUTPase pplyproteiri and Spl40. 
After 8h of CpG-ODN stimulation, however, none of these 
genes was activated any more (Table 4): Since sustained or 
excessive production of these antixnicrobia) molecules might 
lead to inilamimation and ceDular damage |27J, a plausible 
explanation is that THP-1 ceDs fight against the invasion of 
pathogens by up-reguJating antimiaobia] defense-associated 
genes at an early stage of stimulation and then shut them 
dovm to avoid over-activation. Whether this explanation is 
true remains to be verified. 

It is noteworthy that our data also identified the up-reg- 
ulation of several anti-inflammatory associated genes after 
8h of CpG-ODN stimuiation. These genes included FPRU, 
IL-10 receptor, vitamin D receptor, and LxR (Table 3). FPR 
and FPR LI have been defioied as chemotactic factors 
involved in host defense against bacterial infection and in the 
clearance of damaged cells. Additional studies have indicated 
that FRPLl interacts with a menagerie of structurally diverse 
pro- and anti-inflammatory Kgands associated with diseases, 
including amyloidosis, Alzheimer's diseases, prion disease 
and HfV [28, 29]. Therefore, FPRLl may play an important 
role in regulating and/or balancing the production of pro- 
and anti-inflammatory molecules in CpG stimulated THP-1 
ceDs. Additionally, a recent study has demonstrated that LxRs 
and their ligands act as negative regulators of macrophage 
inflarmnatory gene expression and inhibit the expression of 
inflammatory mediators such as inducible nitric oxide syn- 
thase, cyd ©oxygenase and IL-G in response to bacterial 
infection or LPS stimulation |30]. Of interest, we found that a 
transcription factor gene connexin 59, a regulator of lL-6 
expression, was up-regulated after 2 h of CpG-ODN stimula- 
tion. It is thus likely that CpG-ODN stimulation of THP-1 
cells for 2h may induce the expression of the pio-inflamma- 
\ory cytoldne lL-6 through the up-regulation of the connexin 
59gcr>e, while 8h of CpG-ODN treatment may counter- 
balance the initial inflammatory response by inducing LxR to 
inhibit lL-6 production. 

Signal transduction molecules play an important role in 
ceDvdar activation. Intracellular signal transduction systems 
employing various inlermolecular irrteractions through 
docking elements, including SH2 and SH3 domains, have 
been reported |31-33J. Here wc found that THP-l cdls 
treated with CpG-ODN for 2h up-regulated gene expression 
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of Grba-Iite protein (which contains an SH3 domain), whOe 
8h of stimulation induced Nek, Ash and phosphoh'pase C 
binding piotein (NAP4 which contains an SH2 dwnain). It is 
thus possible that Grb2-Iike protein and NAP4 may play 
important roles in CpG-ODN mediated signaling pathways. 
Furthennwe, recent studies have also revealed that binding 
of CpG'DNA to TLR9 results in activation of ^NK [34], Since 
JNK is activated by Nek adaptor protein and Nek interacting 
kinase [35, 36), it is possible that CpG-ODN may activate JNK 
via up-regulalion of NAP4. Although a recent publication 
described the gene expression profiles of a cultured mouse 
macrophage cell line after CpG-DNA stimulation [34], their 
miCToarray results were only condiKted at one time-point 
(6h stimulation). Moreover, they did not report the meas- 
urement of protein expression profiles in response to CpG- 
ODN stimulation. 

Comparison of the gene and protein expression profiles 
showed that there was discordance between mRNA and pro- 
tein levels (Tables). Similar discordance between the 
expression pattern of genes and proteins was also reported in 
other system using different stimuli |37-41J. The dis- 
cordance between mRNA and protein levels could be due to 
screening capability such as detection sensitivity, choice of 
cut-off point, quantitativity of microaixay and 2-D. gels, as 
well as time discrepancy between gene and protein expres- 
sion (39, 40, 42, 43]. Alternatively, it could also be explained 
by post-trancriptional events, such as alternative spKdng or 
PTM |39, 40, 42, 43]. Another possible explanaHon is that 
most of the spots observed in the 2-D gels are isoforms of 
some proteins.. TTie intensity of each spots does not neces- 
sary represent total amount of a certain protein and tlius 
does not correlate with its mRNA level. Our finding that 
microarray results correlated better with Western blotting 
results (eg., ARF-3 in Fig. 2), an approach more suitable than 
2-D gels for determining, the total amount rather than iso- 
forms of a given protein, seems to suggest that formarion of 
isoforms should be carefiiUy taken into consideration when 
one tries to correlate mRNA and protein expression data. 

Using a proleomics approach, we foimd that CpG-ODN 
treatment up-regulated the expression of many proteins 
including HSPs, metabolic enzymes, structural proteins, as 
well as maaophage capping pjotein, cyclophilin and protea- 
some a arid () chain etc. HSPs are the most abimdant and 
ubiquitous soluble intracellular proteins. They are up-regu- 
lated by various stressors including temperature, glucose 
deprivation, miaobial infection and cancei |44]. They func- 
tion as molecular chaperones to prevent protein aggregation 
and contribute to the folding of nascent and aJlcred proteins. 
In addition, they are able to regulate immune responses, 
including production of inflammatory cytokines and che- 
rnokines and activation or m.ituration of immune cells [45. 
46]. Beside HSPs, cyclophilin as well as proteasome a and p 
chain have also been reported to be involved in tlie immune 
response (39, 47]; proteasome p chain is consistently up- 
regulated in human neutrophils following LPS exposure (39]. 
Our finding that the protein levels of HSPs. cyclophilin, and 
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proteasome a and p chain were increased after CpG-ODN 
treatment suggests that these. molecules might play a role in 
the immunostimulating effect of CpG-ODN. To what extent 
these proteins contribute to the immune responses of the 
cells to CpG-ODN is currently under study Proteomic anal- 
ysis also shcfw^ that truncated forms of gip78, grp94 and 
hsc70 were induced, a phenomenon similar to calreticub'n 
obsenred by Richards and his coworkers [48], The expression 
of full length hsc70 and grp78 were decreased, while the 
levels of their truncated derivatives was inaeased after CpG- 
QDN treatment. These -results suggest that the degradation 
of these proteins has been enhanced We also found that 
proteosome a and p chains as well as ubiquitin specific pro- 
lease 12 were increased by CpG-ODN. Whether these 
enzymes or other enzymes were responsible for the genera- 
tion of truncated hsc70 and grp78 reirjains to be elucidated. 

Cells rely on multiple signaKng pathways to determine 
their fates of survival, proliferation or apoptosis |49]. In fact, 
apoptosis plays an important role in regtilating pathogen 
infection. To be able to grow and replicate in the target cells, 
pathogens may have to block apoptosis. Results from several 
laboratories have made it clear that HSP70 and HSP27 pro- 
tect cells not only from heat, but also from most apoptotic 
stimuli |48, 50] by binding to Akt and subsequently mediat- 
ing anti-apoptotic activity through activation of Akt [51-53]. 
Since our data revealed that CpG-ODN induced the expres- 
sion of HSP90 and HSP27, it is possible that CpG-ODN 
might prevent apoptosis by up-regulation of HSPs. 

Interestingly, our microarray data also showed that CpG- 
ODN mediated the induction of a set of genes associated 
with tumor progression and cell proliferation. Amorig these, 
one gene, WlSP-2, was up-regulated by CpG-ODN after both 
2 and 8h stimulation. WISP genes were first identified as 
downstream targets of the Wnt-lp-calem"n signaling path- 
way They belong to the CCN family of growth factors that 
have been receiving increasing attention lately due to some 
of the family members having been reported to be involved 
in angiogenesis and tumorigenesis [54]. It would be inter- 
esting to evaluate whether CpG-ODN plays a role in angio- 
genesis and tumorigenesis by regulating WISP-2. In addi- 
tion, we found that some genes associated with neurode- 
generation or neuroprotection, such as FPRLl, NMDAR 
(NMDA) receptor, PKC and dishevelled 3 were up-regulated. 
To our knowledge, this is the first report to suggest an asso- 
ciation between these genes and CpG-ODN stimulation. As 
mentioned above, FPRLl plays a crucial role in proin- 
flammatory aspects of systemic amyloidsis and neurodegen- 
erative disease such as Alzheimer's disease and prion disease 
128]- NMDAR, PKC and disheveled are involved in modulat- 
ing amyloid precursor piotein metabolism, which is central 
to the pathogenesis of Alzheimer's disease |55-571. Most 
notably, recent studies have shown ll»al the TLR4-depeii dent 
pathway is involved in neuioclegencration of the central 
nervous system [58]. Whether CpG-ODN moieties of patho- 
gens play any role in neurodegenerative diseases such as 
Alzheimer's remains to be ehiridated. 
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Figure 8. ARF-3 participates in the CpG-0DN-TLR9-NF-icB path- 
way. HEK293ceHs were cotransfected with p5xNF-KB and human 
TLR9. After overnight transfectior\, the cells were incubated, with 
or without 1.5 mm CpG-ODN for 8h in the presence or absence of 
increasing concentrations off the ARF-3 inhibitor brefeldiri A. 
After incubation, cells were lysed and NF-kB luciferase activity 
was measured. Data represent mean ± SEM, in = 3). 

Exposme of cells to LPS or microbial infection has been 
known to induce several genes encoding metabolic enzyme 
|34, 39], Our microarray data also levealed that a large number 
of genes encoding proteins involved in energy synthesis and 
fatty add oxidation, such as enoyI-coen2yine A hydratase, 
propionyl coenzyme A carboxylase and cytochrome p450 . 
w^ere activated by CpG-ODN treatment In addition, vi^e found 
that other proteins such as ARF-3 were up-regulated (Table 3, 
Fig. 8). ARFs are 20kDa GTPases.of theras superfamily that 
are critical to vesicular trafficking, including e^tocytic protein 
transport and endocytosis |59, 60]. This study demonstrates 
for the first time that ARF-3 is involved in the activation of N F- 
kB induced by CpG-ODN (as shown in Fig. 8) 

CpG-DNA/ODN has been shown to elicit primarily 
responses via the TLR9/MyD88 dependent patljway fl8, 2], 
22]. Chromosome location analysis showed that instead of 
localizing on one or two chromosome, the genes/proteins 
modulated by CpG-ODN stimulation are scattered on all 
chromosomes except chromosomes 23 and 24. These results 
seem to suggest that CpG-ODN either affects multiple chrc^ 
mosomcs simultaneously or subsequently via cascades of 
cellular messengers. More studies are needed lo elucidate its 
mechanism of actions. 



5 Concluding remarks 

In summary, by using miaoanay and proteom'ic appi caches 
to evaluate the effect of CpG-OON at different time points, 
we have foimd that genes/pioteins regulated by CpG-ODN 
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are related to inflammatory responses, antimiaobial ddense. 
transcriptional regulation^ intraceDular signal transduction, 
tumor progression, ceD differenliatjon, proteolysis, anti-apop- 
tosis as well as neurodegeneratitm and neuroprotection. Our 
results may help delineate the CpG-ODN mediated pathvi^y 
and contribute to fiirther understanding of mechanisms that 
link innate immimity with acquired immime response{s). 
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QuanHficatton of CIC20 geae and protein expression in colorectal cancer 
by RT-PCR and ininiunohistocheuiistiy reveals inter- and intratumonr 
heterogeneity. 

Lassmann S, Bauer M . Soong R Schreglmanii J . Tahiti IC NahrigX Ruger R, 
HoQer H , Werner M . 

Pathologisches Institut, Uni versitatsklinikum Freiburg, Albertstrasse 1 9, 79 1 04 Iiceiburg, 
Germany, lassmann@ukl.uni-freiburg.de 

Cytokeratin 20 (CK20) is an epitheliar protein expressed almost exclusively in the 
gastrointestinal (GI) tract and is widely used as immunohistochemical marker for routine 
diagnosis. In contrast, CBC20 gene expression is not an establislied marker for the 
classification of tumours and the detection of disseminated cancer cells in colorectal 
cancer. Recently, real-time reverse transcriptase polymerase chain reaction (RT-PCR) has 
provided the means for reproducible and quantitative investigation of molecular markers. 
This report directly compares CK20 mRNA and protein expression in serial sections of 
archival, formalin-fixed, paraffin-embedded (FFPE) colorectal adenocarcinomas. COG 
expression was detected by immunohistochemistry (IHC) in 60/63 (95.2%) cases, by 
conventional RT-PCR in 58/60 (96.7%) and by quantitative RT-PCR using the 
LightCycIer (LightCycler is a trademark of a Member of the Roche Group) System in 
29/32 (90.6%) microdissected cases, one case yielding variable results. Despite tlie liigli 
detection rate of all three techniques, marked heterogeneity of CK20 expression was seen 
between different cases and also within individual cases. COO expression profiles were 
not related to particular histopathological features of the tumours. A good conelation (r = 
0,8964) was found between COO mRNA and protein expression by comparing 
quantitative RT-PCR with IHC in 32 cases. Tliis was also true for selected heterogeneous 
tumour cells widiin individual cases. Both RT-PCR and IHC are therefore valuable tools 
for COO detection in colorectal adenocarcinoma, with real-time RT-PCR providing 
supplementary quantitative informafion. This suggests a promising supportive role for 
quantitative RT-PCR in molecular pathology. Copyright 2002 Jolm Wiley & Sons, Ltd. 
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Expression of the multidrug resistance-associated protein (MRP) mRNA 
and protein La normal peripheral blood and bone marrow haemopoietic 
celJs- 

Legrand O . Pcrrot JY . TangR, Simonin G, GurbuxaniS. Zittoun R . Marie JV , 

Laboratoire de Cinetique et de Cultures Celluiaires, Hotel Dieu, Paris, France, 

We studied the expression of multidrug resistance-associated protein (MRP) in normal 
haemopoietic cells from peripheral blood and bone marrow. The MRP mRNA levels 
were estimated by RT/PCR and in situ hybridization (ISH) assay, and the protein levels 
by flow cytometry. 21 samples of peripheral blood and 21 samples of bone marrow (1 1 
normal bone marrow donors, 10 patients in complete remission after chemotlierapy for 
large cell lymphoma or acute myeloid leukaemia) were analysed. In peripheral blood the 
mean MRP mRNA level in CD3+ cells was statistically higher than in the other cells (3- 
fold by the metliods used). The levels of MRP in CD3+ varied from one individual to 
another (4.5-34,8 units by RT/PCR and 5-23 grains/cell by ISH); however, this was 
proportional to the variation in all the cell lineages of same individual (r = 0.84). In bone 
marrow the mean MRP levels of the various cell lineages (including CD34+) wcto 
similar to the basal level in HL60 cells. Individual expression levels were again variable; 
however, tliere was no difference between untreated normal bone marrow and post 
chemotherapy normal bone marrow. MRP protein expression was detenu ined by flow 
cytometry with the monoclonal antibody MRPm6. The CD4+ lymphocytes exliibited a 
higher MRP protein expression than the other cell lineages, including CD8+ cells. There 
was a good correlation between the three methods used (RT/PCR and ISH, P 0.000 1 , r 
= 0.87; RT/PCR and flow cytometry, P = 0.000 1 , r = 0.85; ISH and flow cytometiy, P = 
0.002, r = 0.67). 
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Vascular eudotlieLial growth factor enhances cardiac allograft 
arteriosclerosis, 

Lemstrom KB, Krcbs R . Nvkaacn AI . Tikkanen JM . Srhvola RK Aaltola EM , 
Hayry PJ , Wood J. Alitalo IC Yla-Hcrttuala S. Kosidncn PK . 

Cardiopulmonary Research Group, Transplantation Laboratory, University of Helsinki 
and Helsinlci University Central Hospital, Helsinki, Finland. Karl.Lemstrom@helsinki.fi 

BACKGROUND: Cardiac allograft arteriosclerosis is a complex process of alloimmune 
response, chronic inflammation, and smooth muscle cell proliferation that includes cross 
talk between cytokines and growth factors, METHODS AND RESULTS: Our results in 
rat cardiac allografts established alloimmune response as an alternative stimulias capable 
of inducing vascular endothelial growth factor (VEGF) mRNA and protein expression in 
cardiomyocytes and graft-infiltrating mononuclear inflammatory cells, which suggests 
that fliese cells may function as a source of VEGF to the cells of coronary arteries. Linear 
regression analysis of these allografts with different stages of arteriosclerotic lesions 
revealed a strong correlation between intragraft VEGF protein expression and the 
development of intimal thickening, whereas blockade of signaling downstream of VEGF 
receptor significantly reduced arteriosclerotic lesions, hi addition, in cholesterol-fed 
rabbits, intracoronary perfusion of cardiac allografts with a clinical-grade adenoviral 
vector that encoded mouse VEGF(i64) enhanced the formation of arteriosclerotic 
lesions, possibly secondary to increased intragraft influx of macrophages and 
neovascularization in the intimal lesions. CONCLUSIONS: Our findings suggest a 
positive regulatory role between VEGF and coronary arteriosclerotic lesion formation in 
the allograft cytokine microenvironment 
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CHAPTER 29 
Regulation of transcription 



1! 

I 



ITie pheiiotypic differences ihnl distinguish the 
various kinds of cells in a higher eiikaryoie are 
largely due lo differences in ihe expression of 
;■ genes that code for proteins, that is, those tran- 
scribed by RINA polymerase IJ. In principle, the 
: expression of these genes might be regulated at 
• any one of several stages. The concept of the 
•'level of con Ir of implies that gene expression 
is nor necessarily an aulomatic process once it 
has begun. It could be regulated in a gene- 
specific way at any one of several sequeniiai 
sieps. We can distinguish (at least) five poten- 
tial control points, fonning the series: 

Activation of gene structure 
i 

Initiation of transcription 
i 

IVocessiug the transcript 
I 

Transport to cytoplasm 
I 

Translaliou of mRNA 

The existence of Oie first step is imphed by 
lite discover Oial genes may exist in either of 
t^vty siruclural conditions. Relative to the stale 
of most of the genome, genes arc found in 
an "active'' state in Ibe ceUs in ^vhich Ihey 
•tre expressetl (see Cbapter 27). The t:)jangc of 
•"ilrriciine is disUnct from tlic act of transrnp- 
t'f^n, and indicates that tJie gene is "transcrih- 
able." This suggests that actpiisition of the 
'active" slnictnrc nmst be the first step in gene 
*'->pression. 

* rruiscr.iption of a fiiMtr. in Ihf: ;ir;rivc .>tri(c is 



controlled at the stage of initiation, t)»at is, by 
llie interaction of RNA polymerase with its pro- 
mbter. This is no>v becoming susceptible lo 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point; probably it is die most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in eid^ary- 
olic cells, for example, via antitermination 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end, and usually also by polyadenyla- 
tion at the 3' end; Introns must be spliced out 
from the transcripts of interrupted genes, llie 
marm^e WA must be exported from \ho nucleus 
to the c)lopIasm. Regulation of gene expression 
by selection of sequences at tlie level of nuclear 
RNA might involve any or all of these stages, 
but the one for which wc have most evidence 
concerns changes in sphcing; some genes are 
expressed by means of alternative splicing pat- 
tems Avhose regidation controls the type of pro- 
tein product (see Chapter 30). 

Finally, the translation of an ml\NA in the cyto- 
plasm can be speciiically controlled. These is little 
evidence for the employjnenl of this meclumism in 
aduji somatic cells, but it does occur in some 
embryonic situations, as described in Chapter 7. 
The mechanism is prcsmned to involve tlie block- 
ing of initiation of translation of some mHiNAs by 
specific protein factors. 

But having acbiowledged that control of gene 
expression can occur at multiple stages, and 
(hat production of IU\'A cannot incvita[))Y be 
efpiaieU wUh protluciion of protein, il is ctr.rr 
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thai ihe OTerwhelming majority of regulatory 
events occur at the initiation of transcription. 
Regulation of tissue-specific gene transcription 
h*es at the heart of euiaryotic differentiation; 
indeed, we see examples in Chapter 58 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



Response elements id en I jl'y 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
ihey share a promoter element that is recognized 
by a regulatory transcription /acton An element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
. HSE (lieat shock response element), GRE 
(glucocorticoid response element), SKE (serurn 
response element). 

The properties of some inducible transcription 
factors and the elements tliat they recognize are 
smrunarized in Table 29.1. Response elements 
have the same general characteristics as 
upstream el emeu Is of pjomo I ers or enh ajic ers. 
Tbey contain short consensus sequences, and 
copies of Ibe response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for a short (!ist;ince on eillier side of 



:. ■ Table 29.1 . inducible transcrijjtiori factor^;, bind ta:;, 
■ response elements that identify groups of (5rbmoter3 
crenharicerssubledtoccofdinateccntroi. : 



Regublory Apenl Module Ccnsf.Ti:;us Factor 

Heatihock KSE CNNGAANN1CCNN6 HSTF 

Gli>cocoriicoid GRE IGGTACAAAlGrrCT Rpceptor 

Phorbolesier IRE IGACICa API 

Serum CCAIAITAGG SRF 



common control of a large number of target 
genes, and -we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the Iranscriptioii 
factor; and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or eitrinsic signals? 



genes under common 



the consensus sequence. In promoters, tlie ele- 
ments are not present at fixed distances from 
the startpoint, but are usually <200 bp upstream 
of it The presence of a single element usually 
is suflicienl to confer Ibe regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types of elements 
are typically found in one rather than the other; 
usually an USE is foimd in a promoter, >vlule a 
GRE is formd in an enhancer. We assume that 
all response elemeuLs Amclion by the same 
general principle. A gene is regulated by a 
sequence at Ike promoter or cnfiancer that is 
recognized by a specific protein. JTie protein 
Junctions as a transcription factor needed far 
RNA polymerase to initiate. Active protein is 
available only under conditions when the gene is 
to be expressed; its absence means that the pro 
motcr is not activated by this particular circuit. 

An example of a situation in which many 
genes are controlled by a single factor is pro- 
vided t>y Ihe heat shock response. This is com- 
mon to a wide range of proAar}'oies and 
eukaryoles and involves multiple controls of 
gene expression: an increase in temperature 
turns off transcription of some genes, inn is on 
Danscription of tl)e heat shock genes, iir^d 
causes changes in the traiislation of mKNAs- 
Tbe control of the heal shock genes illiistralcs 
Oie differences between prokaryotic and 
eukarj'otic 7nodes of control. In bacteria, a nt^'^' 
Sigma factor is synthesized lhal directs 
polymerase bolo enzyme to recognize an altcr- 
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Retinal preconditioning and the induction of heat-shock protein 27. 
LiY, Roth S . Laser M. MaJX, Crosson CE . 

ctoM?9425^uS''"^^ University of South Carolina. Charleston, South 

PURPOSE: Brief periods of ischemia have been shown to protect the retina from 
potenually damaging periods of ischemia. This phenomenon has been termed ischemic 
preconditioiimg or ischemic tolerance. In the present study the cellular changes in levels 
of heat shock protein (Hsp)27. -70. and -90 mRKA and expression of Hsp in the rat retina 
associated with ischemic preconditioning were evaluated. METHODS: Unilateral retinal 
ischemia was created in Long-Evans and Sprague-Dawley nits for 5 minutes. Rats were 

Zif I ] '^^y'' *° ^"""^ *^ '■^""^ '° '■^P^^'^^^- were dissected the 

niRNA and protein isolated, and Northern and Western blot analyses conducted to detect 
changes m expression of Hsp27, -70. and -90. fmmunohistochemical studies were used to 
Identify retinal regions where Hsp changes occurred. Selected animals were subjected to 

Hsp With functional protection of the retina from ischemic injury. RESULTS- In control 
and sham-treated animals retinal Hsp27. -70, and -90 mRNAs were detectable Five 
hours after retinal preconditioning, levels of Hsp27 mRNA were elevated above control 
levels, and 24 hours later, mRNA levels increased 200% over basal levels Hsp27 
J^xpression remained elevated for up to 72 hours and then began to return to control 
levels Hsp27 protein levels were increased by 200% over basal levels 24 houre after 
retinal preconditioning, remained at this level for 72 hours, and then returned to control 
levels. In contrast, no consistent change in Hsp70 or -90 mRNA or protein levels was 
observed during the course of thestudy. Immunohistochemical studies demonstrated that 
he increase in expression of Hsp27 was localized to neuronal and non-neuronal cells in 
the inner layers of the retina^ Electroretinography studies demonstrated a strong 
correlation between the protection of retinal function from ischemic injury and the 
expression of Hsp27, CONCLUSIONS: These results provide evidend that the induction 
ot Hsp27 is a gene-specific event associated with ischemic preconditioning in the retina 
Uus increase in expression of Hsp27 occurs in both neuronal and non-neuronal retinal " 
cells, and appears to be one component of the neuroprotective events induced bv 
ischemic preconditioning ih the retina. ' 

PMID; 1 260 1 062 [PubMed - indexed for MEDLINE] 
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Euhanccd expressions of araclndoiiic acid-sensitive taadem-pore domaiu 
potassium chanuels in rat expei imeatal acute cerebral ischemia. 

Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union 
Medical College. Beijing 100050, China. e 

To further explore the pathophysiological significance of aracliidonic acid-sensitive 
potassium channels, RT-PCR and Western blot analysis were used to investipate the 
expression changes of TREK channels in cortex and hippocampus in rat experimental 
acute cerebral ischemia in this study. Results showed thatTREK-1 and TRAAK mRNA 
m cortex, TREK-1 and TREK-2 mRNA in hippocampus showed significant increases 2 h 
after middle cerebral artery occlusion (MCAO). While the mRNA expression levels of 
me all tliree channel subtypes increased significantly 24 h after MCAO in cortex and 
hippocampus At tlie same time, the protein expressions of all the tliree channel proteins 
Jowed sigmficant increase 24 h after MCAO in cortex and hippocampus, but only 
1KJ1K.-1 showed increased expression 2 h after MCAO in cortex and hippocampus 
Immunohistochemical experiments Verified that all the three channel proteins had higher 
expression levels in cortical and hippocampal neurons 24 h after MCAO These results 

suggested a strong correlation between TREK channels, and acute cerebral ischemia 
1 KtK channels might provide a neuroprotective mechaiusm in the pathological process. 

PMBD; 15652517 [PubMed - indexed for MEDLINE] 



213|AidiOralBiol.2001 Jan;46(I):23-31. ' Related Articles. Links 



Increasing expression of tissue plasminogen activator and plasminogen 
activator mhibitor type 2 in dog gingival tissues with progressive 
inflammation. 

Liadberg P, Kjnnby B. Lecander I LangjjP, Matsson L . 

Center for Oral Health Sciences, Malmo University, S-214 21 Malmo Sweden 
pia.lindberg@od.inali.se ' 

Urokinase and tissue-type plasminogen activators (u-PA and t-PA) are serine proteases ' 
that convert plasminogen into plasmin. which degrades matrix proteins and activates 
metalloprotemases. The PAs are balanced by specitic inhibitors (PAI- 1 and PaI-2) 
Local production of t-PA and PAI-2 was recently demonstrated in human gingival 
tissues. The aim now was to investigate die production and localization of t-PA and PAI- 
-2 in gingival tissues.from dogs in three well-defined periodontal conditions" clinically 
healthy gingiva, chronic gingivitis and an initial stage of ligature-induced loss of 
attachment. At the start of the experiment the gingiva showed clear signs of 
inflammation. Clinically healthy gingiva were obtained after 2 1 days period of intense 
oral hygiene^ Attachment loss was induced by placing rubber ligatures around the neck of 
some teeth. Biopsies were taken from areas representing the different conditions and 
prepared for m sihi hybridization and immunohistochemistry. In clinically healthy 
gingiva both t-PA mRNA and antigen were expressed in a thin outer layer of the sulcular 
and junctional epithelia. No t~PA signals or staining were seen in comiective tissue. Both 
mRNA signalmg and unmunostaining for t-PA were stronger in chronic gingivitis In 
areas with loss of attachment, t-PA mRNA as well as antigen were found in the sulcular 
and junctional ep.thelia to a similar degree as in gingivitis. Occasionally the comiective 
tissue was involved, especially in connection with vessels. PA1~2 mRNA was seen in a 
thm outer layer of the sulcular and junctional epithelia in clinically healthy gingiva but 
no si^ials were seen in connective tissue. PAI~2 antigen was found primarily in tlie 
outer layer of the sulcular and junctional epithelia. Some cells in the comiective tissue 
were stained. In gingivitis, PAI~2 signals were mainly found in the same locations but 
more mtense and extending towards the comiective tissue. Immunostaining was seen in 
the outer half of the sulcular and junctional epithelia as well as in the upper part of the 
connective tissue, close to the sulcular epithelium. In sites with loss of attaclunent PAI- 
2 mRNA was found throughout the sulcular and junctional epithelia, as was the antigen 
whic^. stained intensely. No PAr~2 mRNA was seen in comiective tissue; Uie antigen was 
found scattered, especially near vessels. This study shows that the expression of both t~ 
FA and PAI-2 increases with experimental gingival inflammation in the dog and 
hirthermore, tlie two techniques demonstrate a strong conelation between the 
topographical d.stnbution of the site of protein synthesis and the tissue location of the 
antigens for both t--PA and PAI-2. ITie distribution con-elates well with previous 
findings in humans. 
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Effect of duration of fixation on quantitative reverse transcription 
polymerase chain reaction analyses. 

lyracabeo-On^ M, Giazingcr DG . Dclcker N. McMillan A , Regezi JA . Wong DT 
Jordan RC 



Oral Pathology, Department of Stomatology, University of California San Francisco 
California 94143-0424, USA. 

Increasingly, there is the need to analyze gene expression in tumor tissues and correlate 
these findings with clinical outcome. Because there are few tissue banks containing 
enough frozen material suitable for large-scale genetic analyses, methods to isolate and 
quantify messenger RNA (mRNA) from fonnalin-fixed, paraffin-embedded tissue 
sections are needed. Recovery ofKNA firom routinely processed biopsies and 
quantification by the polymerase chain reaction (PCR) has been reported; however, the 
effects of formalin fixation have not been well studied. We used a proteinase K-salt 
precipitation RNA isolation protocol followed by TaqMan quantitative PCR to compare 
the effect of formalin fixation for 24, 48, and 72 hours and for 1 week in normal (2), oral 
epithelial dysplasia (3), and oral squamous cell carcinoma (4) specimens yielding 9 fi-esh 
and 36 formalin-fixed samples. We also compared mRNA and protein expression levels 
using immunohistochemistry for epidermal growth factor receptor (EGFR), matrix 
metalloproteinase(MMP)7l, p21, and vascular endothelial growth factor (VEGF) in 15 
randomly selected and routinely processed oral carcinomas. We were able to extract 
RNA suitable for quantitative reverse transcription (RT) firom all fresh (9/9) and 
formalin-fixed (36/36) specimens fixed for differing lengths of time and from all (15/15) 
randomly selected oral squamous cell carcinoma. We found tliat prolonged formalin 
fixation (>48 h) had a detrimental effect on quantitative RT polymerase chain reaction 
results that was most marked for MMP-1 and VEGF but less evident for p21 and EGFR. 
Comparisons of quiantitative RT polymerase chain reaction and immunoliistochemistiy 
showed that for all markers, except p2l, there was good correlation between mRNA and 
protein levels. p21 mRNA was overexpressed in only one case, but protein levels were 
elevated in all but one tumor, consistent with the established translafionai regulation of 
p21. These results show that RNA can be reliably isolated from formalin-fixed, paraffin- 
embedded tissue sections and can produce reliable quantitative RT-PCR data. However, 
results for some markers are adversely affected by prolonged fonnalin fixation times. 

PMID: 12218216 [PubMed - indexed for MEDLINE] 
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Id-1 and Id-2 are ovcrexprcsscd iu pancreatic cancer and iu dysplastic 
lesions in chronic pancreatitis. 



Maruyama H, Klceff J . Wddi S . Fricss H . Buclikr IMW . Israel MA . Korc 



M. 



Dmsion of Endocrinology, Department of Medicine, University of California, Imnc, 
USA, 

Id proteins antagonize basic helix-loop-helix proteins, inhibit differentiation, and enhance 
cell proliferation. In this study we compared the expression of Id-l, Id-2, and Id-3 inthe 
normal pancreas, in pancreatic cancer, and in chronic pancreatitis (CP). Northern blot 
analysis demonstrated that all three Id mRNA species were expressed at higli levels in 
pancreatic cancer samples by comparison with normal or CP samples. Pancreatic cancer 
cell Imes frequently coexpressed all three Ids, exlubiting a good correlation between Id 
mRNA and protein levels, as determined by immunoblotting with highly specific anti-Id 
antibodies. Immunohistochemistiy using these antibodies demonstrated the presence of 
famt Id-I and Id-2 immunostaining in pancreatic ductal cells in the normal pancreas, 
whereas Id-3 immunoreactivity ranged from wealc to strong.-In the cancer tissues many 
of the cancer cells exliibited abundant Id-1, Id-2, and Id-3 immunoreactivity. Scoring on 
the basis of percentage of positive cells and intensity of immunostaining indicated that 
Id-1 and Id-2 were increased significantly in the cancer cells by comparison with the 
respective controls. Mild to moderate Id immunoreactivity was also seen in the ductal 
cellsm the CP-like areas adjacent to these cells and in the ductal cells of small and 
mterlobular ducts in CP. In contrast, in dysplastic and atypical papillary ducts in CP, Id-1 
and Id-2 immunoreactivity was as significantly elevated as in the cancer cells. These 
findmgs suggest that increased Id expression may be associated with enhanced 
proliferative potential of pancreatic cancer cells and of proliferating or dysplastic ductal 
cells in CP. 
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ld-1 and ld-2 Are Overexpressed In Pancreatic 
Cancer and in Dysplastic Lesions in 
Chronic Pancreatitis 



Haruhisa Maruyama.* Jorg Kleeff/ Stefan Wildi,* . 
Helmut Friess,^ Markus W. Buchler,^ 
Mark A. Israel * and Murray Korc* 

i?h>m the DitHsion of Endocrinology, Diabetes, and Metabolism'. 
Departments of Medicine, Biological Chemistry and 
Pharmacology, University of California, Irvine, California; the ' 
Department of Visceral and Transplantation Sitrgery,^ University 
of Bern, Setyt, Switzerland; and the Preuss Laboratory,* 
Department of Neurological Surgery, University of California, 
San Francisco, California . 



Jd proteins antagonize basic helix- Joop-heJix pro- 
teins, inhibit difierentiation, and enhance cell prolif- 
. eratipn. In this study we compared the expression of 
Id-], ld-2, and ld-3 in the normal pancreas, in pan- 
creatic cancer, and in chronic pancreatitis (CP). 
Northern bJot analysis demonstrated that all three Id 
mRNA species were expressed at high levels in pan- 
creatic cancer samples by comparison with normal or 
CP samples. Pancreatic cancer cell lines frequently 
coexpressqd all three Ids, exhibiting a good correla- 
tion between Id mRNA and protein levels, as deter- 
mined by immunoblotting with highly specific anti-Id 
antibodies. Immiinohistochemistry usijig these anti- 
bodies demonstrated the presence of faint ld-3 and 
ld-2 immunostaining in pancreatic ductal cells in the 
normal pajicreas, whereas Jd-3 iimnunoreactivity 
ranged from weak to strong. In the cancer tissues, 
many of the cancer cells exliibited abundant Id- J , 
ld-2, and Jd-3 immunoreactivity. Scoring on the basis 
of percenl:ige of positive cells and intensity of immu- 
nostaining indicated that Id- 1 and Jd-2 were increased 
significantly in the cancer cells by comparison with 
the respective controls. Mild to moderate Id immuno- 
reactivity was also seen in the ductal cells in the 
CP- like areas adjacent to these cells and in the ductal 
cells of small and interlobular ducts in CP. 1ji con- 
trast, in dysplastic and atypical papillarj' ducts in CP, 
ld-1 and ld-2 immunoreactivity was as significantly 
elevated as in the cancer cells. These findijigs suggest 
that incre:i5cd Id expression may be asscwriated wiih 
enhanced proliferative potential of pancreatic cancer 
cells and of prolifcmtir)g or dy.spjnstic thictal cells in 
CI*. (Ayn J Fnthol J*J!)9, I55:SJ5~S22) 



Basic helix-loop-helix (bHLH) proteins play an important 
role as transcription factors in cellular development, pro- 
iifieralion, and dilferentialion;^-^ The basic domain of the 
bHLHs is required for binding to an E-box DIsIA se- 
quence, thus prornoting transcription of specific target 
genes. The HLH domain promotes dimer formation with 
various members of the bHLH protein family.^-^ Ho- 
modimers of the class B family of bHLH proteins, includ- 
ing MyoD, NeuroD, and numerous other proteins, are 
known to activate tissue-specific genes.^ These tissue- 
specific bHLHs typically form helerodimers with widely 
expressed class A bHLHs, which include proteins en- 
coded by E2A,.E2-2, HEB, and other genes (also termed. 
E-proteins).^~® These helerodimers activate transcription . 
of genes that are associated with diflerentialion. 

Id genes encode a lamily of four HLH proteins thai lack 
the basic DNA binding domain.^-^° They act as dominant- 
negative HLH proteins by forming high affinity hel- 
erodimers with other bHLH proteins, thereby preventing 
them from binding to DNA and inhibiting transcription of 
differentiation-associated genes. Id gene expres- 
sion is down-regulated on differentiation in many cell 
types//! vitro and in vivo. "•^^^ In addition, Id proteins seem 
to be required for cell cycle progression through GJS 
phase in certain. cell types, and interaction between ld-2 
and pRB is associated with enhanced proliferation in 
some cell lines in vitro,'*^~^ 

Pancreatic cancer is the filth leading cause of cancer 
death in. the United States, with a mortality rate that vir- 
tually equals its incidence rale.^'* This malignancy is olten 
associated with the overexpressipn of a variety of mito- 
genic growth factors and their receptors, and by onco- 
genic mutations ol K-ras and inactivation ol the p53 tumor 
suppressor gene.^^ We have recently reported that pan- 
creatic cancers overexpress the HLH protein ld-2. and 
that enhanced expression ol this protein is evident in the 
cytoplasm ol the cancer cells within the pancreatic tunnor 
mass.^^ It is not known, however, whether Ihe expression 
of other Id proteins is altered in this malignancy, or 
whether their expression is altered in chronic pancrealitis 
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(CP), an inflammatory, disease that is characterized by 
dysplastic ducts, toci of proliferating ductal cells, acinar 
cell degeneration, and fibrosis.^ We now report that 
there is a five- to sixfold irx:rease in ld-1 and ld-2 mRlsIA 
levels and a twofold increase in !d-3 mRNA levels in 
pancreatic cancer by comparison with the normal pan- 
creas. In contrast, overall Id mRNA levels are not in- 
creased in CP, 



Patients and Methods 

Normal human pancreatic tissue sarnples from 7 male 
and 5 female donors (median age 41.8 years, range 
14^68 years), CP tissues from 13 males and 1 female 
(median age 42.1 years; range 30-56 years)» and pan- 
creatic cancer tissues frorn 10 male and 6 female donors 
(median age 62.6 years; range 53-83 years) were ob- 
tained through an organ donor program and from surgi- 
cal specimens from patients with severe symptomatic 
chronic pancreatitis or pancreatic cancer. A partial 
. duodenopancreatectomy (Whipple/pylorus-preservtng 
Whipple; n = 13). a left resection of the pancreas (n = 2), 
or a total pancreatectomy (n = 1) were carried out in the 
pancreatic cancer patients. According to the TNM clas- 
sification of the Union Internationale Centre le Cancer 
* (UlCC) 6 tumors were stage 1 , 1 was stage 2. and 9 were 
stage 3 ductal cell adenocarcinoma. Freshly removed 
tissue samples were fixed in 10% formaldehyde solution 
for 12 to 24 hours and paraffin-embedded for histological 
analysis. In addition, tissue samples were frozen in liquid 
nitrogen immediately on surgical removal and maintained in 
-80°C until use for RNA extraction. All studies were ap- 
proved by the Ethics Committee of the University of Bern. 
Bern, Switzerland, and by the Human Subjects Committee 
at the University of California, Irvine. Calilornia. 

Northern Blot Analysis 

Northern blot analysis was carried out as described pre- 
; viously.^^'^ Briefly, total RNA was extracted by the single 
step acid guanidinium thiocyanate phenol chloroform 
method. RNA was size-fractionated on 1.2% agarose/1.8 
mol/L formaldehyde gels, electrotransferred onto nylon 
membranes, and cross-linked by UV irradiation. Blots 
were prehybridized and hybridized with cDNA probes 
and washed under high stringency conditions. The fol- 
lowing cDNA probes were used: a 979-bp human ld-1 
cDNA probe, a 440-bp human ld-2 cDNA probe, and a 
450-bp hunnan ld-3 cDNA probe, covering the entire 
coding regions of ld-1. ld-2, and ld-3. respectively. A 
BamhU 190-bp fragment of mouse 7S cDNA that, hybrid- 
izes with human cytoplasmic RNA was used to confirm 
equal RNA loading and transfer. Blots were then exposed 
at --80°C to Kodak BioMax-MS lilrns and the resulting 
autoradiographs were scarined to quantify the intensity of 
the radiographic bands. ^*"° For eoch sample the ratio of 
Id rnRN.A expression to 7S exp.'ession was calculated. To 
compare the relative increase in expression of the re- 
spective Id mRNA species in tt»e cancer and CP sam- 
ples. I he same normal samples were used tor normal/ 
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FIguie 1. mRNA exprc55k>n of Jd-I. Jd-2. and )d-3 in pancfcuiic cancer and 
chronic pnncreatiiis. Total RNA (20 Mfi/'^'ne) from six noimni, eighl cincei- 
ous, and seven chronic pancreatitis lissvie samptes were,si>bfecied to North- 
em blot anaJ>-3is using ^'P-labeled cDNA probes (500.000 cpni/ml) specific 
for Id-1. Jd.2, and Id-3.. respertivefy; A 7S cDNA probe (50.000 cpm/ml) was 
used as a loading and iransfer conirol. Exposure limes of ihe noriT»aL/canier 
blots we»e 1 day for all Id piobes. nnd 2 da)-s for the rwwmal/CP blots. 
Exposure lime was 4 hours for mouse 7S cDNA. By comparison wirh the 
normal samples, id-1 and Id-3 mRNA levels were elevjied in 8 and 9 cancet 
samples, lespcetively, whereas Jd-2 was ele\:ated in 6 cjocer samples. 

cancer and normal/CP membranes. The median score for 
ld-1, ld-2. and Id-3 mRNA levels in these normal samples 
was set to 100. Statistical analysis was performed with 
SigmaStat software {Jandel Scientific. Sah Raphael. CA). 
The rank sum test was used, and P < 0.05 was lat<en as 
the level of significance. 

Cell Culture and Western Blot Analysis 

PANC-1. MIA-PaCa-2, ASPC-1. and CAPAN-1 human 
pancreatic cell lines were obtained from ATCC (Manas- 
sas. VA). COL 0-357 human pancreatic cells were a gilt 
from Dr. R. S. Melzger (Durtiam, NC). Cells were routinely 
grown in DME.M (COLO-357. MlA-PaCa-2. PANC-1) or 
RPMI (ASPC-1. CAPAN-i) supplemented wr(ti 10% letal 
bovine serunj. 100 tj/rni penicillin, and tOO MOAf*' strep- 
tomycin, f'or imrnunot:>loI analysis, exponentially growinc) 
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Normal CP Cancer 

Figure 7. Densiiomeiric analysis of Northern Wots. Aurorjdiogniphs oi 
Northern blots fiom )2 normal. 14 CP, :>ri<l 16 pjincreaiic cjr»ccr5 were 
analj'zed by densiiometr>. mHNA kvels were dciein^iml by e^lcubimg ihe 
ratio of Ihe optical density lot. the re.speciivef Jd mRNA specks in rcbiion lo 
. ihe ojjiicr)! density oi mouse 7S cDNA, To t ompare the ^ebiive increase in 
eitpression of the respeaive Id mRNA spei ies in llie cancer and CP samples, 
ihc same normal samples were used for normul/cancer :ind normal/'CP 
membrjnes. Normal parxriciiiic tissues are bidic aied by circles, CP tissues bv 
Iriangles, and cancer tissues by squares. Data arc expiesscd as medbn 
scores ± SO. By comp.> risen with the normal samples, only the cai>cei 
samples exliibiied .signiHcanl incieases: 6.5-lold {P < O.OJ) for Id-1, fivefold 
(P < 0.01) for kl-2. and rwofold (/* = 0.027) for Id* 3. ^ 



celis (60-707o conlluenl) were solubilized in lysis buffer 
containing 50miTiol/L Trts-f-fCI, pH 7.4, 150 mmol/L f^laCI; 
1 mnnol/L EDTA, 1 ;tg/ml pepstalin A, 1 mrnol/L phenyl- 
- rnethyisultonyl tluoride (I^MSF). and 1% Triton X- 100. Pro- 
teins were subjected to sodium dodecyl sulfate polyacryl- 




ld-3 



^ " * :':.ayi il <ii » Protein 



Figure 3. Id n>RNA and proiein expresstoii in p3r>creatic cancer cell lines. 
Upper panels:. Toi-jI RNA (20 /ig/lanc) from 5 panaeaiic cancer cell lines 
were subjected to Norlbern bloi anafysis using ■''?P-bbeled cONA probes 
(500,000 rprrv'ml) specific for Id-), )d-2, and Id.3, rcspeciivcly. E.-fposurc 
times were ) day for all Id probes. Lower panels.- Imrnunof^lotting. Cell 
lysaies (30 pg./Jane) were subjected 10 SDS-PACE. Membranes were piobed 
with specific )d-l, id- 2, and id-3 antibodies. Vis ii3li7-i lion w:ts pcrlbrmed by 
eoharK-ed chemihnwinest*ence. 

annide gel electrophoresis (SDS-PAGE). transferred lo 
Immobilon P membraries. and incubated for 90 minutes 
with the indicated antibodies and lor 60 minutes with 
secor)dar7 antibodies against rabbit fgG. Visualization 
was performed by enhanced chennifuminescer>ce. 

immunohisiochemisiry 

Specific rabbit anti-human ld-1 (C-20). ld-2 (C-?0). and 
ld-3 {C-20; all from Santa Cruz Biotecfinoiogy, Sania 
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Figure 4. Normal ond cancerous pjni-rc;iiic I issues were subjected lo tmmu- 
rKulaintng using highfy specific »nii-!d-l (A-C), anti-Jd-? (D-F), and anii.)d-5 
(G-0 antibodies as described in ihe Meihods section. Motlerste to strong Jd- 1 
imn>unorcaclivir)* t\"JS preseni in die tyioplasm of duct -like cancer cells (A 
and C, left panel). In the normal p:»ncreas there was we3k Id- 1 inimunore-, 
activity in ihe ductal cells (B). Preabsorption with the Id- J -specific bIcK king 
peptide abolished the Id- 1 immunorcactivit)' (C^ right panel). Strong Id-2 
immurKweactivity was observed in the cytoplasm of the cancer cells that 
e^chtbited d»>ci-like siruaures (D and F, left panel), whereas in (he normiil 
pancreits. there ivas only we:ilt Id- 2 immunor^raclivir)* in the ifurial cells (E). 
Freabsorpiion wiih the ld-2-.specirpc blocking peptide aIx>Ji>bed the Id-2 
immunoreactivity (F, right panel). M^xJeraie to .^ironj; 1(1-3 ipiunuiwrracttviiy 
was preseni in the duct-like cancer cells (G nnd I. left panel). .Moderate to 
Mri>n]^ )d-3 immunoreacriviiy was jI.so pre.seni in the ductal t t-ds of noinial 
pancreatic tissue samples (H). Id-3 immunoreactiviiy was completcrly abol- 
ished by pieabsorption with the KJ-3 S|>ecinc blocking; prpikle (1, right 
panel). A, D, and G const iiure .^lial sections of □ pancreatic cancer .sample. 
" revealing coexpression of l)ie iJvee Jd proteins. Scale bars. 33 >jm. 

Cruz, CA) polyclonal antibodies were used loi imrnunhis- 
lochemistry. These allinily-puiilied rabbit polyclonal anti- 
bodies specifically react with Id- 1 , !d-2. and ld-3. respec- 
tively, ot human origin, as determined by Western 
blotting. Paraf fin- embedded sections {A ^irn) were sub- 
jected to immunoslaining tjsing ihe slfGptavidin-pefOxi- 
dase technique. Where indicated, inimunoslairmig for all 
three Id proteins was performed on serial sections, ffn- 



" dogenous peroxidase activity was blocked by iricubation 
for 30 minutes with 0.3% hydrogen peroxide in melharK)!. 
Tissue sections were incubated for. 15 minutes (23**C) 
with 10% normal goal serum and then incubated for 16 
hours at 4*^0 with the indicated antibodies in PBS con- 
taining 1% bovine serum albumin. Bound antibodies 
were detected with biotinylated goal anti-rabbit IgG sec- 
ondary antibodies and slreptavidin-peroxrdase complex^- 
using diarnincJbenzidine telrahydrochloride as the sub- 
strate. Sections were counlerstained with Mayer's hema- 
toxylin. Preabsorplipn with ld-1-, Id-2-, or ld-3-specific 
blocking peptides completely abolished immunoreactiv- 
ity of the respective primary antibody. The immunohisto- 
chemical results were semiquanlitalively analyzed as de- 
scribed previously. ^.-^ The percentage of positive 
cancer cells was stratified into four groups: 6» rio cancer 
cells exhibiting immunoreactivity; 1, <33% of the carrcer 
cells exhibiting, immunoreactivity; 2, 33 lo 67% of the 
cancer cells exhibiting immunoreactivity; 3 >67% of the 
cancer cells exhibiting immunoreactiviiy. The intensity of 
the immunohlstochemical signal , was also stratified into . 
four groups: 0, no immunoreactivity; 1 , weak immunore- 
activity; 2, moderate immunoreactivity; 3. strong immu- 
noreaclivity. Finally, the sum of the results of the cell, 
score and the intensity score was calculated. Statistical 
analysis was performed with SigmaSlal software. The 
rank sum test was used, and P < 0.05 was taken as Ihe 
level of significance. 



ResuftS 

Northern blot analysis of total RNA isolated from 12 nor- 
mal pancreatic I issues and 16 pancreatic cancers re- 
vealed the presence of Ihe 1.2-kb Id-I transcript and the 
1.6-.kb ld2 mRNA' transcript in 11 of the 12. normal pan- 
creatic samples, and the 1.3-kb ld-3 mRNA transcript in 
all norrpal pancreatic samples (Figure 1A, 2). In the can- 
cer tissues, ld-1 mRNA levels were elevated in 8 of 16 
samples, Id-2 mRNA levels were elevated in 9 of these 
samples, and ld-3 mRNA levels were elevated in 6 of 
these samples (Figure 1A, 2). Concomitant overexpres- 
sion of all three Id species was observed in 6 of the 
cancer samples (38%). In contrast, none of Ihe Id mRNA 
species were overexpressed in CP by comparison with 
r>ormal controls (Figure IB, 2). Densitometric analysis of 
all of the autoradiograms indicated that there was a 6.5- 
lold increase (P < 0.01) in ld-1 mRNA levels, a fivefold 
increase (P < 0.01) in Id-2 mRNA levels, and a twofold 
increase (P = 0.027) in Id-3 mRNA levels in tf^ie pancre- 
atic cancer samples in comparison to normal controls 
(Figure 2). In contrast, there was no statistically signifi- 
cant difference in the expression levels of ld-1, Id-2, and 
ld-3, in CP tissues in comparison to the corresponding 
levels in the normal pancreas (Figure 2). 

Next, we assessed the expression ol the three Id 
genes in 5 human pancreatic cancer cell lines by North- 
ern and Western blot analyses, ld-1 mRNA was present 
at varying levels in all 5 cell lines (Figure 3). ASPC-'I. 
CAPAN-1. MIA-PaCa-2, and PANG- 1 expressed moder- 
ate lo high levels ol Id- 1 rnRNA, whereas COLO- 357 cells 
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expressed relatively low levels of this mRNA moiety. 
Western blotting \n\\\\ a tiighly specific anti-ld-1 antibody 
confirmed ttie presence of ttie approximately 14-kd Id- 1 
protein in tfie 4 cell lines that expressed high levels of 
id-1 mRNA (Figure 3). Furthermore, the three cell lines 
with the highest td-1 mRNA expression (CAPAN-1, IVIIA- 
.PaCa-2, and PANC-1) also exhibited the highest Id-1 
protein expression. Variable levels of the 1.6-kb ld-2 
mRNA transcript were present in all 5 cell lines. In addi- 
tion, a minor band ol approximately 1.2 kb was visible in 
COLO-357 arid MIA-PaCa-2 cells. Immunoblot analysts 
with a highly specific anti-ld-2 antibody revealed two 
bands of approximately 16 and 18 kd at relatively high 
levels in alt of the cell fines with exception of PANC-1 
cells, in which the 16-kd band was relatively faint (Figure 
.3). With the exception ol MIA-PaCa-2 cells, there was a 
good correlation between ld-2 mRNA and protein levels 
(Figure 3). ld-3 mRNA was present at high levels in 
MIA-PaCa-2 cells, at moderate levels in COLO-357 celts, 
and at low levels in PANC-I cells, ld-3 rnRNA was not 
detectable in ASPC-1 and CAPAN-i cells (Figure 3). 
Immunoblot analysis wilh a highly specitic anti-ld-3 anti- 
body revealed an approximately 14-kd band that was most 
abundant in MIA-PaCa-2 cells, and was also readily appar- 
ent in COLO-357 and PANC-1 cells. In cof:itrasI, only a lain! 
ld-3 band was seen in ASPC-1 arid CAF*AN-1 cells. Thus, 
with the exception of PANC- 1 cells, there was a good cof- 
relation between ld-3 mRNA and protein ievels. 



To determine the localization of ld-1, ld-2, and ld-3. 
immunostaining was carried out using the same highly 
specific anti-Id antibodies. In the pancreatic cancers, 
moderate to strong Id-1 immunoreactivily was present in 
the cancer cells in 9 of 10 'randomly selected cancer 
samples. An example of moderate Id-1 immunoreactivily 
is shown in Figure 4A, and of strong immunpreactivity in 
Figure 4C (left panel). In contrast, in the normal pancreas, 
faint td-1 immunoreactivily was present only in the ductal 
cells of pancreatic ducts (Figure 4B, arrowheads). Pre- 
absorption with the ld-1-specific blocking peptide com- 
pletely abolished the Id-1 imnhunoreactivity (Figure 4C, 
right panel). The cancer cells also exhibited strong ld-2 
(Figure 4, D and-F, lell panel) and moderate lo strong Id-3 
immunoreactivily. An example ol moderate ld-3 immuno- 
reactivily is shown in Figure 4G, and o) strong immuno- 
reactivity in Figure A\ (left panel). In contrast, only faini 
ld-2 immunoreaclivity was present in the ductal cells in 
the normal pancreas (Figure 4E), whereas ld-3 immuno- 
reactivily in these cells was more variable and ranged 
Irom moderate to occasionally strong (Figure Islet 
cells and acinar cells were always devoid ol Id irnmunore- 
aclivily. Preabsorption of Ihe respective antibody with the 
blocking peptides specific for ld-2 (Figure 4F, right panel) 
and Id-3 (Figure 41. right panel) completely otx>listied irn- 
munoreactivity. Analysis of serial pancieaiic caricer sec- 
lions revealed that there vv^as often colocalization ol the 
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Figure 6. Immimohi5iochcini5tn- of atypic:il papillary trptthelinm in CP tissues. Serial section analysis of some CF samples feveuled the presence of large diici-like 
smiciures with atypical p:tp>Ihf>' epilhelium. Mild 10 moder.Me Id-J (A) and Id-2 (B) imm»»noreactiviiy and weak ld-3 (C) immunor eactiviiy was present in tJie 
cytoplasm' ofibe cells forming these bijje ducts with papillaiy slntciures. Son)e CP samples also cahibiied moderate Id-3 tmmurwreactiviiy in these cells (D). Scale 
bar, 25 m^- 



three Id proteins. An example of serial sections Irom a 
pancreatic cancer tissue is shown in Figure 4, A, D, and G. 

ld-1. Id-2, and Id-3 immunoreactivity was also present 
at moderate levels in the cytoplasm of ductal cells within 
CP-like areas adjacent to the cancer cells (Figure 5, A-C). 
As in the normal pancreas, islet cells (outlined by arrow- 
heads) did not exhibit Id immunoreactivity. ta 4 of 9 CP 
sarhples, there were foci of ductal cell dysplasia of rela- 
tively targe interlobular ducts, all of which exhibited mod- 
erate to strong ld-1, Id-2, and Id-3 immunoreactivity (Fig- 
ure 5, D-F). Five of 9 CP samples also contained foci of 
-large ducts exhibiting atypical papillary epithelium. Serial 
section analysis of one of those CP samples revealed 
mild to moderate ld-1 and Id-2 immunoreactivity and 
weak Id-3 immunoreaclivily in the cells of these atypical 
papillary ducts (Figure 6. A-C). In contrast, in some of 
these CP samples, moderate to strong Id-3 immunoreac- 
tivity was also observed (Figure 6D). However, most ol 
the ductal cells forming the typical ductular structures ol 
CP, such as large interlobular ducts and small proliferat- 
ing ducts, exhibited generally only weak to occasionally 
moderale Id immunoreactivity (data not sfiown). 



The immunohistochemical data lor Id-1, Id-2, and Id-3 
are summarized in Table 1. In the case of ld-1 and Id-2. 
the cancer cells as well as the dysplastic and atypical 
papillary ducts in CP exhibited a significantly higher 
score than the ductal cells in the normal pancreas. In 
contrast; due to the marked variability in Id-3 immurx)- 
staining in the normal pancreas, the differences between 
normal and cancer cells and normal and dysplaslic cells 
did not achieve, statistical significance. 



Discussion 

Id proteins constitute a family ol HLH Iranscriplion factors 
that are important regulators of cellular dilferentiatron and 
proliferation.^*^ To date, four members of the human Id 
family have been identified. '-^^"''^ their, expression is 
enhanced during cellular proliferation and in response to 
mitogenic stimuli, ""^-^^ and overexpression of Id genes 
inhibits dilferentiaiion and/or enl'^ances ptolileratton in 
several dillerent cell types. lUe forced e/pression 
ol ld-1 in r7iou5e small intestinal epilhelium results in 
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ld-1 


ld-2 


ld-3 


Normal (n = 6) 
Cancer (n = 10) 
CP (rt = 9) 


Ductal cells 
Car>cer cells 

Typical CP lesions (n = 9) 
C^splastic ducts (n = 4) 
Atypical papillary ducts (n ~ S). 


2.0 ± 0.4 
4.5* ± 0.5 
. 2.7 ±0.5 
5.3* ± 0.2 
4.4* ± 0.2 


2.3 ± 0.2 
5.2^ ± 0.3 

3.1 ±0.6 
5.8* ± 0.2 
5.2* ± 0.2 


2.5 ± 0.9 
4.5 ± 0.6 
3.4 ± 0.7 
5.3 ± 0.4 
5.0 ± 0.4 



Scoring of Ihe histological specimens was pei formed as described in the Pallents and Melhods section. Vatues are the means ± SO ol the number 
of samples indicated in parenlhesrs. P values are based on comparisons with Ihe respective controls m the norrrral samples. 
' P < 0.02; *P.< 0.01: *P « 0.004; 5p ^ 0.001. 



adenoma formation in these animals.^ The growth-pro- 
moting effects of Id genes are thought to occur through * 
several mechanisms. For example; ld-2 can bind to mem- 
bers of the pRB tumor suppressor family, thus blocking 
their growth-suppressing activity and ld-1 and ld-2 
can antagonize the bHLH-mediated activation of known 
inhibitors of cell cycle progression such ias the cyclinr 
dependent kinase inhibitor p2i 

In the present study, we determined by Northern blot 
analysis that a significant percenlage of human pancre- 
atic cancers expressed increased Id-1, ld-2. and ld-3 
mRNA levels. Increased expression was most evident for 
ld-1 (6.5-fold) and ld-2 (fivefold). In contrast, ld-3 mRNA . 
levels were only twofold increased in the cancer samples, 
partly because this mRNA was present at relatively high 
levels in the normal pancreas. Immunhistocbemical anal- 
ysis conlirmed the presence of ld-1, Id-2. and ld-3 in the 
cancer cells within the tumor mass, whereas in the normal 
pancreas faint ld-1 and ld-2 immunoreactivity and mod- 
erate to occasionally strong ld-3 immunoreactivity was 
present in some ductal cells. Pancreatic acinar and islet 
cells in the normal pancreas were devoid of ld-1, ld-2. 
and Idr3 imrriunoreactivity. In the cancer samples, all 
three Id proteins often colocalized in the cancer cells. 
Coexpression of all three Id genes was also observed in 
cultured pancreatic cancer cell lines, which often exhib- 
ited a close correlation between Id mRNA and protein 
expression. However, in MIA-PaCa-2 there was a diver- 
gence ol !d-2 mRNA and protein levels, and in PANC-1 
cells, ld-3 mRNA levels did not correlate welt with ld-3 
proteiri expression. These observations suggest that in 
these cells, the hall-life ol either Id mRNA or Id protein 
may be altered by comparison with the other cell lines. 
Interestingly, ld-2 immunoblotling revealed two closely 
spaced bands ol approximately 16 and 18 kd in 4 ol 5 
cell lines. In view ol the fact that two possible initiation 
codons have been reported lor the ld-2 gene,^^ our 
observation raises the possibility that the two ld-2-immu- 
noreactive bands may represent separate translation 
products of the ld-2 gene. 

Pancreatic cancers olten harbor p53 tumor suppressor 
giene mulations^^ and exhibit alterations in apoptosis 
pathways. Thus, these cancers olten exhibit increased 
expression of anti-apoptotic proteins such as Bel- 2^®. and 
abnormal resistance to Fas-ligand-mediated apopto- 
sis.^^ II has beeri shov^^n recently that forced constitutive 
expression of Id genes together with the expression of 
anti-apoptotic genes such as Sc\-2 or BcIXl can result in 



malignant transformation of human fibroblasts/^ raising 
the possibility that the enhanced Id expression in pan- 
creatic cancers together with increased expression of 
anti-apoptotic genes may contribute to the malignant 
potential of pancreatic cancer cells in vrvo. 

In the CP tissues there was no significant increase in 
ld-1. Id-2. and ld-3 mRNA levels in comparison to the 
normal pancreas. Immunohistochemical analysis of pan- 
creatic cancer samples revealed colocalization of weak 
to moderate ld-1, ld-2. and ld-3 immunoreactivity in pro- 
liferating ductal cells in the CP-like regions adjacent to 
the cancer cells, indicating that Id expression was not 
restricted to the cancer cells. Similarly, analysis ol CP 
samples indicated weak Id-1. ld-2. and ld-3 immunore- 
activity in the cells ol small proliferating ducts and large 
ducts without dysplastic changes. In general, there was a 
correlation between weak immunoreactivity and low Id 
mRNA levels. However, in samples that harbored large 
ducts with papillary structures there was moderate Id 
immunoreactivity, and in the cells forming dysplastic 
ducts there was moderate to strong Id immunoreactivity. 
In these CP samples. Id mRNA levels were relatively 
higher than in the CP samples that were devoid ol these 
histological changes. Overall, however, increased Id ex- 
pression, most notably of ld-1 and ld-2. distinguished a 
subgroup of pancreatic cancers from CP (Table 1). 

Epidemiological studies have shown that the risk ol 
developing pancreatic cancer is increased up to 16-foId 
in patients with pre-existing CP in comparison to the 
general population.^^ The mechanisms that contribute to 
neoplastic translormation in CP are not known. Although 
there is no established tumor progressiori model for pan- . 
crealic cancer, such as the adenoma-carcinoma se- 
quence ol colorectal carcinoma,"^ it is generally ac- 
cepted that K-ras and p16 mutations occur relatively 
early in pancreatic carcinogenesis, whereas p53 muta- 
tions occur late in this process.^^ '*^"''^ Increased Id ex- 
pression may contribute to malignant translormation ol 
cultured cell lines /r) vttro^^ and has been linked to cell 
invasion in a murine mammary epithelial cell line.^" In 
view of the current findings that Id-1, ld-2, and Id-3 are 
overexpressed in pancreatic cancer and in dysplastic/ 
metaplastic ducts in CP, these observations raise the 
possibility that elevated levels of ld-1, ld-2. and. to a 
lesser extent. Jd-3 may represent relatively early markers 
of pancrealic malignant transfoimalion artd may cor)lrib- 
ute to the pathobiology of pancrealic cancer. 
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Mechag TP Puett D. Narayag P 

SSSlS^^^ "^^'^"'^^ U-ersity of Georgia, Athens. 

We have previously reported the constructior, of a cx,nstitutively active luteinizing 
hon^one receptor by covalentiy linking a fused heterodimeric hoonone to the 

"Se m4Tw:^ ?o 'd ? n^T"'^' ™^ y^'^-^ honnofeLeptor 

complex (YHR) was found to produce high levels of cAMP in the absence of exogenous 
honnone. Stable Imes expressing YHR were generated i„ HEK 293 cells to obt Sn^ 

it was found that YHR expression was greatly reduced. Herein, we describe the 
developnient of clonal l.nes of HEK 293 cells in which the expression T^Zs under 

ttl'ifo?^''^^ Characterization ofdonal lines rial J 

Ugh control of YHR expression both by dose and time of incubation with doxycycline 
Tliese expenments demonstrated a good conelation between expression levdsSe 
receptor and basal cAMP production. Moreover, the reduction il reSptor ^n 
fo lowng doxycychne removal revealed that YHR mRNA and protein decayed a sTmilar 
rates, agam suggestmg a strong linkage between mRNA and protein levetsTe 
contro led expression of YHR in this cdl system will allow for a more detai^Lalysis 

to '"'T' r"'"'"' -Ovation and mTp2e 

10 be advantageous m developmental studies with transgenic animals. . 

PMID: 14766006 [PubMed - indexed for MEDLINE] 
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c-fos and estrogen receptor gene expression pattern in the rat uterine 
epithelium during the estrous cycle. 

Mendoza-RodripHe / DA Mcrcbant-Lar.«.<. H . Segura-Valdez MT . Mnrgnn- 
MendozaN .OmME. Arteaga-Lopez P. Camacho-Arrovo I Dominguez R Cerhnn 

Facultad de Quimica. Universidad Nacional Autonoma de Mexico. Ciudad Univereitaria 
Coyoacan 04510. Mexico, D.F., Mexico. 

Different studies in ovariectomized estrogen treated animals support the idea that c-fos 
plays a role in the proliferation of uterine epithelial cells. However, these studies invite us 
to reassess the role played by c-fos in epithelial cell types of the endometrium during the 
estrous cycle/ The present study was undertaken to determine the c-fos and estrogen 
receptor (ER) gene expression pattern in the rat uterine epithelium during the estrous 
cycle in which natural and cyclic changes of steroid homones occur, and correlate these 
changes with the proliferation status of this cellular types. Proliferation was assessed 
dunng the estrous cycle using bromodeoxyuridine incorporation to DNA ERalpha and 
beta proteins were assessed by immunohistochemistry. The regulation of c-fos gene 
expression in the uterus of intact animals during the estrous cycle was evaluated using 
^th in situ hybridization and immunohistochemistry. Estradiol (E(2)) and progesterone 
(nW plasma levels were assessed by radioimmunoassay. The results indicated that 
luminal (LE>and glandular epithelia (GE) presented maximal proliferation during the 
meteshns (M) and the diestrus (D) days. However, during the proesfrus (P) day only LE 
presented proliferation, and during the estrus (E) day only the stromal cells proliferated 
A marked immunostaming for ERalpha was detected in both LE and GE cells during the 
early phases of the cycle but diminished on the P and the E day. In contrast. ERbeta was 
undetectable in both epithelia during all stages of the cycle. The highest c-fos mRNA 
level was detected in both epithelia on the M day, followed by a significant reduction 
dunng the other days of the cycle. The highest protein content was observed on the M 
and D days, and the. minimal value was detected on the E day. The c-Fos protein level in 
LE was increased during M and D days, presenting a high correlation with the cellular 
proliferation pattern of this cell type, hi conclusion, the overall results indicate that c-Fos 
protein presented a good correlation with uterine epithelial cell proliferation of LE In the 
case of GE the same tendency was obseired, although no significant correlation was 
found. Botli in LE and GE, c-fos mRNA did not strictly correlate with its protein levels 
c-tos seems to have a postranscriptional regulation in uterine epithelial cells during the 
rats estrous cycle.. Copyright 2003 Wiley-Liss. Inc. 

PMID; 1 2589649 [PubMed - indexed for MEDLINE] 
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[3H]MI<:-801 binding and the inRNA for the NMDARl subuait of the 
NMDA receptor arc differentially distributed in human and rat forebrain. 

Mcont P. Mugnaini M . Bunncmauu BR Trist DG , Bowery NG . 

Department of Pharmacology, Medical School, University of Binuingham, UK. 
meonip@novel 1 S.bham.acuk 

The distributions of [3H]MK-801 binding and the NMDA NRl subunit mRNA were 
studied using receptor autoradiography and in-situ hybridization in rat and human brain 
whole-hemisphere coronal sections. Receptor protein detected by radioligand 
autoradiography and the mRNA for the key subunit of the receptor presented similar 
distributions in the forebrain, with a few areas showing an imbalance between the levels 
of mRNA and receptor protein. Human frontal cortex showed a relative abundance of 
NMDARl mRNA as compared to [3HJMK-801 binding. The same area in rat brain did 
not show any difference in the two distributions. In comparison, the rat claustrum 
presented a relative excess of NMD ARl mRNA which was not detected in human 
sections. Human caudate nucleus exhibited relatively high levels of pHJMK-SOl binding 
that were unmatched in rat caudate. Tlie hippocampi of either species presented similar 
levels of [3H]MK-80] binding and NMDARl mRNA, but when the two signals were 
measured in specific subfields of the hippocampal formation, the differential distribution 
of the two signals reflected the anatomy of hippocampal connections assuming a 
preferential dendritic distribution for MK-801 binding. Interestingly, rat and human 
hippocampi also showed some important species-dependent difference in the relative 
distribution of the receptor protein and mRNA, The data presented show an overall good 
. correlation between the mRNA for the key subunit of the NMDA receptor and the 
functional receptor detected with radioligand binding and highlight the presence of local . 
differences in their ratio. This may reflect different splicing of the niRNA for tlie 
NMDARl subunit in specific brain areas of rat and human. The species-dependent 
differences in tlie relative distribution of the mRNA for the key subunit of the NMDA 
receptor and that of a marker of functional receptors also highliglits important differences 
in the NMDA function in rat and human brain. 
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Translation Initiation in Cancer: A Novel Target for Therapy^ 



Funda Meric* and KeHy K; Hunt 

. Department ol Surgical Onco(ogy, The University o* Texas Ml D. 
Anderson Cancer Center, Houston, Texas 77030 

Abstract 

Translation mitiatron is regulated in response to 
nutrient availability and mitogerMC stimulatk>n and is 
coupled with ceP cycle progression and ceH growth. 
Several alterations m translatrOnal control occur in 
cancer. Variant mRNA sequences can after the 
translational efficiency of Individual mRNA molecules, 
which in turn play a role in cancer biology. Changes in' 
the expression or availability of componerrts of the 
translational machinery and in the activation of 
, trarjslation through signal transduction pathways can 
lead to nr»ore global changes, such as an increase in 
the overall rate of protein synthesis and trar%slat>onal 
activation of the mRNA rr>olecules involved in cell 
growth and proliferation. We review the basic 
principles of translational control, the alterations 
encountered in cancer, and selected therapies 
targeting translation initiation to help elucidate r>ew 
therapeutic avenues. - 

Introduction 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
technology, most efforts have concentrated on identifying 
differences in gene expression at the level of mRNA. which 
cari be attributable either to DNA amplification or to differ- 
ences in transcription. Gene expression is quite complicated, 
however, and is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of trarrsJiatioriaJ regulation has l>een best recog- 
nized among developmental biologists^ because transcription 
does not occur in early embryogenesis in eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues unlil the embryo reaches midtrfastuta transition, the 
4000-celI stage. Therefore, all necessary mRNA molecules are 
transcribed during oogenesis and stockpiled in a translalionally 
inactive, masked form The mRNA are translatkxially activated 
al appropriate times during oocyte maturation, fertiBzation, and 
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early embryogenesis and thus, are under strict tr^)slationai 
control. 

Translation has an estabfished role in cell growth. Basi- 
cally, an increase in protein synthesis occurs as a . conse- 
quence of mitogeniBsls. Until recently, however, little was 
known about the aHcratioris In mRNA translation in cancer, 
aixJ much is yet to be discovered atsoul Ifieir role in the 
development and progression of cancer. Here we review the 
basic principles of translational control, the ailerations en- 
countered ff» cancer, arid selected therapies targeting Iransla- . 
fion initiatiori to eftx^te potential new therapeutic avenues. 

Basic Principles of Translational Control 
Mechanism of TransiaVon initiation 
Translation filiation is the main step in translationaf regulation. 
Translation tniliation is a complex procesis in which the initiator 
tRNA and the 40S and 60S n'bosomal subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotk: 
translation initiation factors into an 80S ribosome at the start 
codonofthemRNA(ng. 1).The5'endof eukaryotic mRNA is 
capped, ie,, contains the cap structure m^GpppN (7-methyl: 
guanosine-triphospho-5'-ribonuc(eoside). Most translation in 
eukaryotes occurs in a cap-dependent fashion, /.e., the cap is 
specificalty recognized by the eIF4E,^ wNch binds the 5' cap. 
The elF4F translatibn tniliation complex is then formed by the 
assembly of elF4E, .the RNA heRcase elF4A, and e!F4G, a 
scaffokfing protein that mediates the binding of the 40S n'bo- 
somal subunrt to the mRNA molecule through interaction with 
the elF3 protein present on the 40S ritxxsome. elF4A and elF4B 
participate in melting the secondary structure of the 5' LITR of 
the mRNA The 43S initlallon complex (40S/elF2/Met-tRNA/ 
GTP compte^c) scans the mRNA in a 5*-»3' direction until it 
encounters an AUG start codon. This start codon ts then base- 
paired to the antrcodort of Ntiator tRNA, fomiing the 48S inili- 
atk)n complex. The initiatk)n factors are then displaced from the 
48S complex, and the 60S, ribosome joins to ionn the 808 
ribosoma 

Unlike most eukaryotic translatkxi, translation initiatwn of 
certain mRNAs, such as the picomav'irus RNA^ Is cap inde-* 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require elF4E. Ether the .43S complex can bind 
the initiatwn codon directly through interaction with the IRES in 
the 5' UTR such as ffi the encephalomyocarditis virus, or it can 



^ The abbfcvbtions used are: elF4E. eukaryotic irstiation factor 4E; um, 
untranslated rcgiorr, WES, internal ribOGome erjtry site: 4E-BP1, eukaryotic 
initiation tector 4E-binding protein 1; SCK. ribosoma* p70 S6 kinase; mTOR. 
mammaiian target ol rapamycin; ATM. atajita teton^cctasia mutated; PI3K, 
phosphatidylinosiloJ 3- kinase; PTEN. phosphatase and tensin homotog de- 
leted from CtromoSOiTW le. PP2A. protein phospfialaw 2A; 7Gr-p3, trans- 
torming growth tDctor-p3; PAP. po»y(A) polymerase; EPA, cicosopentaertcsc 
acid; metanoma ditterwilialiorvassociaied gene 7, 
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Fig. 1. Translation 'mitkition in ei^aryoics. The 4E-BPs are hyperphos- 
phorylated to retease e(F4E so that ii can interact with the 5' cap, and the 
elF4F inittation comptex is assembled. The interaction ol poly(^j binding 
protein witti the initiation complex and circurarization ol the mRNA is not 
depicted in the tfiagrara The secor«iary structure oi the 5' l/TB is mclled, 
the 40S ribosomal subunri is bound to erF3, and the tenrtary comj^x 
consisting ol erF2, GTP. and the Met-tRNA are recniited to the rnHNA. The 
ribosome scans the mRNA m a 5'-^' direction untp an AUG start codon 
is found in the appropriate sequence context The initiation tDctors are 
released, and the targe rilxisomaJ subunit is recruited 



irittiaUy attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the potiowus (1). 

Regufation of Translation initiation 
Translation initiation can be regulated by atteralions In the 
expression or phosphoryfation, status of the various factors 
involved. Key conriponents in IranslationaJ regubtion lhat 
may provide potential therapeutic targets follow/. 

elF4E. etF4E plays a central roJe in translation regufation. 
It is the least abundant of the initiation factors and is con- 
sidered the rate- limiting component for initiation of cap- 
dependent translation. elF4E may also be Irivolved in mRNA 
sprtcing, mRNA 3' 'processing, and mRNA nucteocytoplas- 
mic transport {2). elF4E expression can be increased at the 
transcript ionaf level in response to serum or grov/th factors 
(3). eIF4E over expression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5* UTR that are normally discriminated against by tl)e trans- 



tationot machinery and thus are inefficiently translated (4-7). 
As examples of this, oveFe)tpression of elF4E promotes in- 
creased translation of vascular endothelial growth factor, 
fibrobtasl growth factor-2, and cycBn D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
mitogen-activated protein kinase-interacting kinase 1, which 
is activated by the mitoger>-acUvated pathvyay, activating 
extraceDular signal-related kir»ases and the stress-activated 
pathway acting through p38 mitogert-activated prot«n ki- 
nase (10-131). Several mitogens, such as serum, platelet- 
derived growth factor, ^kiermal growth factor, insulin, 
angiotensin II, src kinase overexpression, and ras over- 
expression, lead to e1F4E phosphorylabon (14). The phos- 
phorylation status of elF4E is usually correlated with the 
transiational rate and growth status of the cell; however; 
eiF4E phosphorylation has also been observed In response 
to some cellular stresses when transiational rates actually 
decrease (15), Thus, further study Is rieeded to understand 
the effects of elF4E phosphorylation on elF4E aclivity. 

Another mechanism of regulation is the alteration of elF4E 
availabinty by the binding of elF4E to the eIF4E-binding pro- 
teins (4E-BP. also known as PHAS-f). 4E-BPs cornpete vwth 
elF4G for a binding site in eIF4E. The binding of elF4E to the 
best characterized etF4E-blnding protein, 4E-BP1, Is regur 
lated by 4&BP1 phosphorylatioa Hypophosphorylated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylatfon 
decreases this binding. Irisulin, angioterisin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growrth factor, nerve growth factor, insuRrr-like grovrth factors 
I and II, ihterleukin 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphoryfatfon of 4E-BP1 and 
to. decrease the ability of 4E-BP1 to bind elF4E (15. 16). 
Conversely, deprivation of nutrients or growth factors results* . 
in 4E-BP1 dephosphoryfation, an increase in elF4E binding, 
and a decrease in cap-dependent trarislation. 

p70 S6 Kinase. Phosphorylation of n'bosomal 403 protein 
36 by S6K is thought to play an important role in transiational 
regulation. S6K -/- mouse embryonic cells proliferate more 
stowly than do parenlal cells, demonstrating that S6K has a 
positive influence on cell proliferation (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' tenminal 
ofigopyr&nidine tract (5' TOP) found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs codffig for components of 
the transiational machinery. Phosphorylalion ol S6K is regu- 
lated in part based on the avaHabiBty of nutrients (18, 19) and is 
stimulated by several grovvth factors, such as plalelel-derived 
growth factor and insulirvlike growth factor 1 (20). 

elF2a Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation initia- 
tion factor elF2. Phosphorylation of the o-subunit ol elF2 
prevents formation of the elF2/GTP/Met-tRNA complex and 
inhibits global protein synthesis (21, 22). elF2a is phospho- 
rylated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
elF2a is pfwspborylated by heme- regulated inhibitor, nutrient- 
regulated protein kinase, and the IFN^induced. double- 
slranded RNA-activated piotein kinase (PKR; Ref. 23). 
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The mTOR Signaling Pathway. The macrolide antibiotic 
raparaycin (Siralimus; Wyeth-Ayersl Research, CoBegevifle, 
P/^ has been the subject of intensive study tjecause it in- 
hibits signal transduction pathways involved in T-ceB activa- 
tion. The rapamycin-sensitive component of these pathv/ays 
is mTOR (also called FRAP or RAFTl). mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate G, 
progression and translation in response to nutrient availabtf^ 
ily (24). mTOR is a serine-threonine kinase that modulates 
. translation initiation by altering the phosphorylation status of 
4E:BP1 and S6K (Rg. 2; Ref. 25). 

4E-BP1 fs phoGphorylated on muftipte residues. mTOR phos- 
phorylales the Thr-37 and Thr-46 reskiues of 4E-BP1 h) vitrv 
(265; hov/ever, pbosphoiylation at these sites is not associated 
wSh a (OSS of elF4E binding. Phosphorylatiwi of Thr-37 and 
■ Thr-46 is required for sut>sequent phosphorylation at several 
COCH-terminal, serum-sensilive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4E-BP1 to elF4E (25). The product of the ATM gene, 
p3a/MSK1 pathway, and protein, kinase Co also play a rote in 
4E-BP1 phosphorylation ^-29). 

S6K and 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein kinase Akt. PTEN is a phosphatase that 
negatively regulates PI3K signaling. PTEN null cells have 
constidrtively active of Akt, vwTh increased S6K activity and 
S6 phosphorylation (30). S6K activity is inhibited both by 
PI3K inhibitors vwirtmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR ih vitro, and this site is phosphorylated upon Akt 
activation in vivo (31-33). Thus, mTOR is regulated by the 
PISK/Akt pathway; hov/ever. this'does not appear to be the 
only mode of regulalion of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

InteresUngly. mTOR autophosphorylation Is bhcked by wort- 
mannin but not by rapamycin (34). This seeming inconsistency 
suggests thai mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and.S6K phos- 
phoryblkin by mTOR activity is by the inhibitron of a phospha- 
tase. Treatment with calycufin A an inhibitor ol phosphatases 1 
and 2A, reduces rapamycin-induced dcphosphorylalion of 4E- 
BPl and S6K by raparnycin (35). PP2A interacts with fuIHenglh 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
in vitro: however, how this process alters PP2A activity k not 
known. These resulls are consistent with the model that phos- 
• phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin bkxJc inhibition of the phosphatase bv 
mTOR- 

Polyadenytation. The poly(A) tail in eukaryotic mRNA rs 
irnportani in enhancing translalk)n initialk)n and mRNA sta- 
bility. Pofyadfenybtion plays a key role in regulating gene 
expression during oogenesis and early embryogenesis. 
Some mRNA that are IranstalionaHy inactive in the oocyte are 
polyodenylated concomitanily with traiislaUonal activation in 
oocyte maturation, whereas other mRNAs that are transla- 
tionatfy active during oogenesis are deadenylated and trans- 
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lationally silenced (36-38). Thus, control of poly(A) tail syn- 
thesis is an important regulatory step in gene expressfon. 
The 5' cap and poIy(A) tail are thought to function synergis- 
trcally to regulate mRNA translational elfkriency (39. 40), 

RNA Packaging. Most RNA-binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein partfcles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associatcd protein, YB-l, destabilizes the interaction 
of elF4E and the 5' mRNA cap irj vitro, and overexpression of 
YB-1 results in translational repression in vivo (44). Thus, 
alterations in RNA packaging can also play an important rote 
in translational regulation. 

Translation Alterations Encountered in Cancer 
Three main alterations at the translatk)nal level occur in cancer 
variations in mRNA sequences thai increase or decrease trans- 
lational efficiency, changes in the expressfon or availability of 
components of the translatfonal machinery, and activation of 
translatfon through abenantly activated signal transduction 
pathways. The first alteralfon affects the translation of an indl- 
vkJual mRNA that may play a role in carcinogenesis. The sec- 
ond and Uirrd alterations can lead to more global changes, such 
as an increase in the overall rate of protein synthesis, and the 
translational activation of several mRNA species. 

Voriotions tn mftNA Sequence 

Variations tn mRNA sequence affect the trtinslalional e«i- 
ciency of the transcript. A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
in the 5' UTR. can alter its translational efficiency, as seen in 
the loUovrtng examples. 
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c-myc. Sarto el a/, proposed that translation of f uB-length 
c-myc is repressed^ whereas in several Burkitt lymphomas 
that have deletions of the mR^^A 5' UTR, trar>slation of c-myc 
is more efficient (45). More recently, it was reported that the 
5' UTR of c-myc contains an IRES, and thus c-myc transla- 
tion can be initialed by a cap-Bndepeodent as well as a 
cap-dependent mechanism (46, 47). In pafients with mollrple 
myeloma, a C-*T mutation in Ihe c-myc IRES was identified 
(48) and found to c^use an enhanced initiation of translation 
via interrw! ribosomal entry (49). 

BRCA1. A somatic point mutation (117 G->C) in position 
-3 with respect to the start codon of the BRC;^? gene was 
identified in a highly aggressfve sporadic breast cancer (50). 
Chimeric coristructs consisting of the wild-type or mutated 
BRCA1 5' ITTR and a downstream Kjciferase reporter dem- 
onstrated a decrease in the transitional efficiency with the 5' 
UTR mutation. 

. CycBn-dependent Kinase Inhibitor 2A, Some inherited 
melanoma kindreds have a G->T transversion at base -34 
of cyclin-dependent kinase inhibitor-2A, which encodes a 
cyclin-dependent kinase 4/cyclin-dependenl kinase 6 kinase 
inhibitor important in 6, checkpoint regulation (51). This 
mutation gives rise to a novel AUG translation initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
from the wild-type AUG. 

Allernale SpKcing and Alternate Transcription Start 
Sites. Alterations in splicing and alternate transcription sites 
can lead to variations in 5' UTR sequence, Iengt^ and second- 
ary structure, ultimately impacting translalional efficiency. 

ATM, The ATM gene has four noncoding exons in its 5' 
UTR that undergo extensive alternative splicing (52): The 
contents of. 12 different 5' UTRs that show considerable 
diversity in length and sequence have been idenUfted. These 
divergent 5' leader sequences play an important role in the 
translalional regulation of the ATM gene. 

mdm. In a subset of tumors, overexpression of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA Use of different promoters leads to two mdm2 Iran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is toaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BFCA1, In a normal mamnwry gland. BftCAl mRNA is 
expressed with a shorter leader sequence (5'UTRa). whereas 
in sporadic breast cancer \]ssue;BRCA1 mRNA is expressed 
with a longer leader sequence (5' UTRb); Ihe translalional 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TGf-^ mRNA includes a 1.1-kb 5' UTR. which 

exerts an tfihibltory effect on translation. Many human breast 
cancer cell lines contain a novel TGF-f33 transcript with a 5' 
UTR that is 870 nucleotides shorter and has a 7-fotd greater 
translalional efficiency than.the normal mRNA (55). 

Altemate Polyadenylation Sites. Multiple potyadenyl- 
aiion signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56). ATM gene 
(52), tissue inhibitor of metal!oproteinases-3 (57). RHOA 



proto-oncoger>e (58), and calmodulin- 1 (59). Although the 
effect of these alternate 3' UTRs on trartslation is not yet 
knovm, they may be important in RNA-protein interactions 
that affect translalional recruitment. The role of these alter- 
ations in cancer development and progression is unknovm. 



Alterations in the Con)ponents of ihe 
Translation Machinery 

Alterations in the components of translation machinery can 
take many fonDs. 

Overexpresssion of eIF4E Overexpression of elF4E 
causes malignant transfomialion in rodent cells (6CI) and the 
deregulation of HeLa ceB growth (61). Polunovsky ef a/. (62) 
fourid that eiF4E overexpression substitutes for serum and 
Individual growth factors in preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signafing. 

Devat€!d levels of elF4E mRNA have been found in a broad 
spectrum of transformed cell tines (63). elF4E levels are 
elevated in all ductal carcinoma in situ specimens and inva- 
sive ductal carcinomas, compared with benign breast spec- 
imer>s evaluated with Western blot analysis (64. 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

There are accumulating data suggesting that elF4E overex- 
pression can be valuable as a prognostic marker. elF4E over- 
expression was found in a retrospective study to be a marker of 
poor prognosis \n stages I to III breast carcinoma (67). Verifica- 
tion of the prognoslk: value of elF4E in txeast cancer is now 
under way in a prospective trial (67), However, in a different 
study. elF4E expresswn was correlated with the aggressive 
behavior of non-Hodgkin's lymphomas (68). In a prospective 
analysis of patients wrih bead and neck cancer, elevated tevels 
of elF4E in histologfcaRy tumor-free surgical margins predicted 
a significantly increased risk of k)cai-regional recurrence (9). 
These results all suggest that'elF4E overexpressk>n can be 
used to select patients who might trenefit from nrx>re aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that elF4E overexpression is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. AHeratkjns in a 
nunr>ber of other initiation factors have been associated with 
cancer. Overproduction of elF46, similar to elF4E. leads to 
malignant transformation in vitro (69). eIF-2o is found in 
increased levels in txonchiotoah/eolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p'tO subunit ol 
translation inilialion laclor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and the elFS pHOsubunil 
is overexpressed in testicular seminoma (73). The role that 
overexpressk>n of these initiation factors plays on the devel- 
opment and progression of cancer, il any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overexpressed in the MCF7 breast cancer cell tine, com- 
pared with normal mammary epithelium (74). In a study by 
. Barlund e( a/. (74), S6K was amplified in 59 ol 668 primary 
breast lumofs. and a statistical ty significant associatwn was 
observed between amplification and poor prognosis. 
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Overexpresston of PAP. PAP cataJyzes 3' poTyt^. syn- 
thesis. PAP is overexpressed in human cancer ceDs com- 
pared with nonnal and viralty transfomied cefls (7^. PAP 
enzymatic activity in breast tumors has been conrelated with 
PAP protein levels (76) and, in mammary tumor cytosots, was 
found to be an independent factor for predicting survival (76). 
Little is known, however, about how PAP expression or ac- 
tivity artects the transtalional profile. 

Alterations in RNA-binding Proteins. Even less (s loicwh 
about allerations in RNA packaging in cancer. Increased ex- 
pression and nuclear locafcalion of the RNA-b&iding protein 
YB-1 are indfcalore of a poor prognosis for breast cancer (77), 
norvsman ceO lung cancer (78), and ovarian cancer (79). Hovk 
ever. this effect may be mediated a! least in part at the level of 
transaiptlon, because YB-1 increases chemoresistance by en- 
hancing the IranscrTptkjn of a muttkJrug resistance gerie (80). 



AcVvBtion of Sfgndl transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpression of certain tyrosine kinases 
can contribute to ttie growth and aggressiveness of tumors. An 
important mutant in human cancers is the tumor suppressor 
gene PTEW, which.leads to the activation of the Pt3»Wkt path- 
vtray. Activation of PI3K and Akt induces the oncogenfc trans- 
fomration of chicken embryo fibroblasts. The transformed cells 
show constitutive phosphorylation of S6K and of 4E-BP1 (JBI). 
A rrwlanl Akt that retains kinase activity but does not phos- 
phorylale S6K or 4E-BP1 does not transform fibrotrfasts, which 
suggests a correlation betwreen the oncogenicily of PI3K and 
Akt and the phosphorylation of S6K and 4E-^P1 (81). 

Several tyrosine kinases such as platelet-derived grovrth 
factor, insulin-like growth factor, HER2/neu. and epidemial 
growth factor receptor are over ex pressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways krwwn to alter translation iniliation, activatfon 
of translation is likely to contribute to the grovrth and.aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translational control. 
For example, HER2/neu mRNA is translationally contrplled 
both by a short upstream open reading frarrie that represses 
HER2/r>eu translation in a cell type-independent manner and 
by a distinct cell type-dependent mechanism that increases . 
translatkmal efficiency (82). HER2/neu translation ts different 
in transfonmed arid normal cells. Thus, it is possible that 
alteratiorts at the translational level can. in part account for 
the discrepancy between HER2/neu gene ampfilicatton de- 
tected by fluorescence in situ hybridization and protein levels 
detected by immur>ohlslochemical assays. 



Translation Targets of Selected Cancer Therapy 
Components of the Iranslalion machinery and signal path- 
ways involved in the activation of translation inilialion repre- 
sent good targets (or cancer therapy. 
Targeting the mTOR Signaling Pathway: Haponnycin 
and TumstaVn 

Rapamycin inhibits the proliferation of lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycin wHh FKBP 12 (FK50&-binding 
protein, M, 12,000) binds to mTOR to inhibit its function. 

Rapamycin causes a smafl twt significanl reduction in the 
Initiation rate of protein synthesis (83). It blocks cell grovirth in 
part by blocking S6 phosphorylation and selectively sup- 
pressing the translation qi 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapanriycin also 
blocks 4E-BP1 phosphorylation and inhibits cap-dependent 
but not cap-independent translation (17,, 86). 

The raparrrydrvsensilive signal transduction pattiway, acti- 
vated during mali^iant transformation and cancer progression, 
is riow being studied as a target for cancer therapy {87)l Pros- 
tate, tffeasi, small cell lung, gljoblasloma, melanoma, and T-cell 
leukemia are among the cancer lines most sensitive to the 
rapamycin analogue CCI-779 (Wyeth-Ayerst Research; Ref. 
87). In rhabdomycosarcoma cell Bnes, rapamycin b either cyto- 
static or cyloddal, depending on the p53 status of tfie cell; p53 
wild-type cells treated with rapamycin a^est in the 6, phase 
and maintain their viabifrty. whereas p53 mutant cells accumu- 
late in G, and undergo apoptosis (88. 89). In a recently reported 
study using human prirnitive neuroectodemtal tumor, and 
meduOoblastoma rhodels, rapamycin exhibtited more cytotox- 
icity in combination wilh cisplatin and camptothedn than as a 
single agent tn vivo, CCI-779 delayed grov»rth of xenografts by 
1 60% alter 1 week of therapy and 240% after 2 weeks. A single 
high-dose adminislralion caused a 37% deaease in tumor 
volume. Growth inhibition in vivo was 1.3 times greater, with . 
cisplatin in combination with CCI-779 than with cisplatin atone 

(90) . Thus, preclink:al studies suggest that rapamycin ana- 
togues are useful as single agents and in comtHnation wilh 
chemotherapy. 

Rapamycin analogues CCI-779 and RAD001 (Novartis, 
Basel. Switzerland) are now in clinical trials. Because ol the 
known effect of rapamycin on lymphocytef proliferation, a 
potential problem with rapamycin analogues is innmurtosup- 
pression. However, although prolonged immunosuppression 
can result from rapamycin and CCl-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
mat ©logical toxicity, myelosuppression, infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87. 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage Hl/lV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus. CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way Into patient selection for 
mTOR inhibitors. Several sludies have found an enhanced 
efficacy of CCI-779 in PTEN-null tumois (30, 96). Another 
study found that six ol eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacKeU FFEN (97) Ttiere was. bowcvei, a positive correlation 
between Akt activation and CCI-779 sensitiviry (97). This 
conelation suggests that activation of the Pt3K-Akt pathway, 
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regardless of whether "rt is attributable to a PTEN mutation or 
to overexpression of receptor tyrosirre kinases, makes can- 
cer cell amenable to mTOR-direcled therapy. In contrast, 
lower levels of the target of mTOR. 4E-BPt, are associated 
with rapamycin resistancfe; thus, a tower 4E-BP1/elF4E ratio 
may precftct rapamycin resistance (98). 

Another mode of activrly for rapamycin and its analogues 
appears io be through inhibition of angiogenesis. This activ- 
ity may be both through direct inhibition of endothelial cell 
proliferation as a result of mTOR inhibition h these cells or by 
inhibition of translation of such proar>giogenic factors as 
vascular endothelial growth factor in tumor cells (99, 100). 

The angiogenesis inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to inhibit 
translation in endothelial ceUs (101). Through a requisite in- 
teraction with integrin. tumstatin inhibits activation of the 
P13K/Akt pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby inhibiting 
cap-dependent translation. These findings suggest that en- 
dolhenal celts are especially sensitive to therapies targeting 
the mTOR-signaling pathway. 



ment also reduces the expression of angiogenic factors (11^ 
and has been proposed as a potential adiuvar>t therapy for head 
and r>eck cancers, particutety when elevated elF4E is found in 
surgical margnns. SmaD motecute nnhibilors that bind the elf AG/ 
4E-BP1-bindir*g domain of elF4E are proapoptoiic (IIQ and 
are also being actively pursued 

Exploiimg Se/ccf/Ve TrBrisiathn for Gene Therapy 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translatkjn in carxer cells is the use 
of ger)e therapy vectors encoding suickJe genes with highly 
structured 5' UTR These mRNA would thus beatacompetitive 
disadvantage fri owmal cells and nol translate weB, whereas in 
cancer cells, they wouW translate nr>ore efficiently. For example, 
the introduction of the 5' LTTR of fibroblast growth faclor-2 5' to 
the coding sequence of herpes simpfest vims fype- 1 ihyrmcSne 
Imase gene, alkyws for selective translation of herpes simplex 
virus iype-1 thyrmcSne kinase gene in breast cancer cell lines 
compared with normal mammary ceB fines and results in se- 
lective sensitivity to gancictovir {117). 



'Targeting etF2a: EPA Cfotn'mazofe, n)da-7, 
and Ftavonoids 

EPA is an n-3 polyunsaturated fatty acid found in the fish- 
based diets of populations having a low incidertce of cancer 
(102). EPA inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation inilialion (105). EPA releases Ca?* from 
intracellular stores while irthibiting their refilling, thereby ac- 
tivating PKR. PKR, in turn pbosphorylates and inhibits elF2a, 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, ctotrimazofe, a potent antipro- 
liferative agent in vitm and in vivo, inhibits cell growrth through 
depletron of Car*^ stores, activation of PKR, and phospho- 
rylation of elF2o (106). Consequently, ctotrimazole preferen- 
tially decreases the expression of cyclins A, E, and D1, 
resulting in blockage of the cell cycle in 6,. 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 ^Ad- 
mda7) induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
ol elF2a and induction of apoptosis (110). 

Flavonoids such as genistein and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases. FKR, 
heme- regulated inhibilor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of etF2a and rnhibrtion of 
protein synthesis (111). 



Targeting efF4A and elF4B: Antisense BNA 
and Peptides 

Antisense expression of eIF4A deaeases the prolileration rale 
ol melanoma ceDs (1 12). Sequestration of elF4E by overexpres- 
sion ot 4E-BP1 is proapoptoiic and decreases tumorigenicity 
(113, 114). Reduction of elF4E wiUr antiserrse RNA decreases 
soft agar growrth, inaeases tumor latency, arxJ ir>aeases the 
rates of lurrKwr doubting times (7). Arrlisense etF4E RNA treat- 



Toward the Future 

Trarislation is a crucial process in every cell. However, several 
alterations in translational control occur in cancer. Cancer cells 
appear to need an aberrantly activated translational state for 
survival, thus aBowIng the targeting of translation initiation woth 
surprfeingly bw toxicity. Components of the translatk)nal ma- 
chinery, such as elF4E» and signal transduction pathways in- 
volved in traffislatfon ihitiatipn, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preKminary activity in cCrwcal trials. U is possible 
that with the deyetopmerit of betiec predfctive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agervts, however, 
mTOR inhibitors are most likely to achieve clinical utility in 
conrribinatwn therapy. In the ffilerim, our increasirtg urtderstand- 
ing of translation initiation arki signal transduction pathways 
promise to lead to the idenlificalion of r>ew therapeutic targets 
in the near future. 
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Overexpression of chemoldnes, fibrogcnie cytokines, and myofibroblasts in 
human membranous nephropathy. 

Mczzano SA, Droguett MA. Burgos ME, Ardiies LG . Arcs CA, CaomT^ Iggjjnjr 

Division of Nephrology, School of Medicine, Universidad Austral, Valdivia, Cliile. 
sme22ano@uach.cl * 

Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in human, 
membranous nephropathy BACKGROUND: Proteinuria plays a centra! role in the 
progression of glomemlar disease, and there is growing evidence suggesting that it may 
determine tubular cell activation with release of chemokines and fibrogenic factors, 
leading to interstitial inflammatory reaction. However, most studies on this subject have 
been performed in experimental models, and the experience in human kidney biopsies 
has been scarce. We analyzed the tissue sections of patients with idiopathic membranous 
nephropadiy (MN), a noninflammatory glomemlar disease that niay follow a progressive 
disease with heavy persistent proteinuria, interstitial cell infiltration, and decline of renal 
function. METHODS: Paraf&n-embedded biopsy specimens from 25 patients with IMN 
(13 progressive and 1 2 nonprogressive) were retrospectively studied by 
immunohistochemistry [monocyte chemoattractant protein-1 (MCP-1 ), regulated on 
activation norma! T-cell expressed and secreted chemokine (RANTES), osteopontin 
(OPN), platelet-derived growth factor-BB (PD-GF-BB)] and in situ hybridization [MCP- 
l, RANTES, PDGF-BB, transforming growtli factor-betal (TGF-betal)]. Moreover, we 
studied the presence of myofibroblasts, which were identified by the expression of alpha- 
smooth muscle actin (alpha-SMA), the monocytes/macrophages (CD68-positive cells), 
. and T-cell infiltration (CD4+ and CD8+ cells). All of the patients were neplnotic and 
without treatment at time of the biopsy. RESULTS; A strong up-regulation of MCP-1 , 
RANTES, and OPN expression was observed, mainly in tubular epithelial cells, with a 
significant major intensity in the progressive IMN patients. A strong correlation between 
the mRNA expression and tlie corresponding protein was noted. The presence of these 
chemokines and OPN was associated with interstitial cell infiltTation. TGF^beta and 
PDGF were also up-regulated, mainly in tubular epithelial cells, with a stronger 
expression in the progressive IMN, and an association with the presence of 
myofibroblasts was found. CONCLUSIONS: Patients with severe proteinuria and 
progressive IMN have an overexpression in tubular epithelial cells of the chemokines • 
MCP-1, RANTES, and OPN and the profibrogenic cytokines PDGF-BB and TGF-beta. 
Because this up-regulation was associated with aji interstitial accumulation of 
mononuclear cells and an increase in myo fibroblastic activity, it is suggested that those 
mediators are potential predictors of progression in IMN. Finally, based on experimental 
data and the findings of tliis article, we speculate that severe proteinuria is the main factor 
responsible for the up-regulation of these factors in tubular epithelial cells. 
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Decreased uncoupling protein expression and intrarayocytic triglyceride 
depletion iu formerly obese subjects. 

MingroncG , RosaG, Greco AV. Manco M. Vega N. HcsseUnkMK Castagneto M 
bell rati wen P . Vidal H . ' 

Istituto di Clinica Medica and. Clinica Ghirurgica and Centre CNR Fisiopatologia Shock 
UniversitaCattoIicaSCuore, Rome, Italy, gmingrone@rm.unicatt.it 

?rJi^^^'^^' ^'^^"^'"« *e muscular uncoupling protein expression 2 (UCP2) and 
UCP3 gene expression in morbid obese subjects before and after bariatric surccrv fbilio- 
pancreatic diversion (BPD)]. RESEARCH METHODS AHD PROCEDURES- Eleven 
obese subjects (BMI = 49 +/- 2 kg/m(2)) were studied before BPD and 24 months after 
BPD. Skeletal muscle UCP2 and UCP3 mRNA was measured using reverse 
transcnptase-competitive polymerase chain reaction andUCP3 protein by Western 
blotting. Intramyocytic triglycerides were quantified by high-performance liquid 
chromatography Twenty-four-hour energy expenditure and respiratory quotient (RO) 
were measured in a respiratory chamber. RESULTS; After BPD, tlie average weiriit loss 
was approximately 38%. Nonprotein RQ was increased in the postobese subjects (0 73 
H 0 ?6 ,?n'.y"n?o'' Mn?"'^" ?^ '".^-->'«<^ytic triglyceride level dt^ppei (3.66 

UCP2 anH ufp. PM^^'^^ '"I ""^^"'^ ^ < "-^^^'^ Expression of 

^ and UCP3 mRNA was sigmficantly reduced (from 35.9 +/- 6.1% to 18 6 +/- 4 5% 
of cyclophdin, p = 0.02; from 60.2 +/- 14.0% to 33.4 +/- 8.5%, p = 0.03; respectively) 
UCl 3 protem content was also significantly reduced (272.19 +/- 84.13 vs. 175 78 H- 
60.3 1 AU p = 0.04). A multiple regression analysis (R(2) = 0.90) showed that IMTG 

^ ~ represented the mostpowerfol independent variable for predicting 
St^^T'?- '^'SCUSSION: The strong correlation of UCP expression and decrease 
in IMTG levels suggests Uiat triglyceride content plays an even more important role in 
the regulation of UCP gene expression than the circulating levels of free fatty acids or the 
achieved degree of weight loss. 
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Differential expression of the short and long forms of the gamma 2 siibunit 
of the GABAA/beuzodiazepine receptors. 

[MfraUes CP. Gurierrez A . IGian ZU . Vitorica J . De Bias AL . 

Division of Molecular Biology and Biochennistry, School of Biological Sciences, 
University of Missouri-Kansas City 64 11 0-2499. ' 

The distribution of tlie mRNAs encoding the gamma 2S and gamma 2L subunits of Uie 
GABAA receptor in the rat brain has been revealed by in situ hybridization, northern blot 
and dot blot analysis using specific antisense oligonucleotides, la addition, the 
quantitative distribution of the gamma 2S and gamma 2L subunit peptides participating in 
the fully assembled GABAA ^ecepto^s^en2odiazepiJne receptors has been mapped by 
immunoprecipitation with specific anti-gamma 2S and anti-gamma 2L antibodies. 
Several neuronal types and brain regions are enriched in gamma 2L such as neurons of 
the layer IF of striate cortex and cerebellar Purkinje cells as well as the inferior colliculus, 
superior colliculus, deep cerebellar nuclei, medulla and pons. Other neuronal types and 
regions are enriched in gamma 2S such as the mitral cells of Uie olfactory bulb, pyramidal 
neurons of thepyriform cortex, layer VI of the neocortex, granule cells of Uie dentate 
gyrus and pyramidal cells of the hippocampus. Other cortical areas and cerebellar granule 
cells express both gamma 2S and gamma 2L in comparable amounts: There is a good 
correlation between tlie relative expression of gamma 2S and gamma 2L mRNAs and the 
relative presence of tliese protein subunits in folly assembled and mature receptors in the 
studied brain regions. The dilferential distribution of gamma 2S and ganrnia 2L might 
result in differential ethanol sensitivity of the neurons expressing these GABAA receptor 
subunits. 

PMID: 7968350 [PubMed - indexed. for MEDLfNE] 
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Follicle-Stimulating Hormone Receptor and Its Messenger Ribonucleic Acid Are 
Present in the Bovine Cervix and Can Regulate Cervical Prostanoid Synthesis^ 

D. Mizrachi and M. Shemesh^ 

Department of Hormone Research, Kimron Veterinary Institute, Bet Dagan, Israel 50250 



ABSTRACT 

The hypothesis that FSH regulates the bovine cervical pros- 
taglandin Ej (PGE2) synthesis that is known to be associated with 
cervical relaxation and opening at the time of estrus was inves- 
tigated. Cervical tissue from pre-estrous/estrous, luteal, and 
postovulatory cows were examined for 1) the presence of bovine 
(b) FSH receptor (R) and its corresponding mRNA and 2) the 
effect of FSH on the PCEj regulatory pathway in vitro. The pres- 
ence of bFSHR mRNA in the cervix (maximal during pre-estrus/ 
estrus) was demonstrated by the expression of a reverse tran- 
scription (RT) polymerase chain reaction (PCR) product (384 
base pairs) specific for bFSHR mRNA and sequencing. Northern 
blotting revealed three transcripts (2.5, 3.3, and 3.8 kilobases 
[kb]) in cervix from pre-estrous/estrous cows. The jevel of FSHR 
(75 kDa) was significantly higher (p < 0.01) in Western blots of 
pre-estrous/estrous cervix than in other cervical tissues. There 
was a good correlation between the 75-kDa protein expression 
and its corresponding transcript of 2.55 kb throughout the es- 
trous cycle as described by Northern blot analysis as well as RT- 
PCR. Incubation of FSH (10 ng/ml) with pre-estrous/estrous cer- 
vix resulted in a 3-fold increase in the expression of FSHR and 
a 2-fold increase in both G protein (aj and cyclooxygenase II. 
FSH (5-20 ng/ml) significantly increased ip < 0.01) cAMP, ino- 
sitol phosphate ip < 0.01), and PGE^ {p < 0.01) production by 
pre-estrous/estrous cervix but not by cervix at the other stages. 
We conclude that bovine cervix at the time of the peripheral 
plasma FSH peak (pre-estrus/estrus) contains high levels of 
FSHR and responds to FSH by increasing the PGE^ production 
responsible for cervical relaxation at estrus. 

INTRODUCTION 

FSH and LH are the two known pituitary homiones that 
regulate gonadal functions. FSH is essential for female fer- 
tility, specifically for folliculogenesis, and human ovarian 
failure has been related to mutations both in the FSH re- 
ceptor (FSHR) and in the FSHp gene [1]. However, unlike 
LH, for which extra-gonadal binding has been documented 
for the uterus in the cow [2], pig [3], and human [4], no 
extra-gonadal effects of FSH have been reported. The uter- 
ine LH receptors have been shown to be physiologically 
active in the cow [2, 5]. The concentration of uterine LH 
receptors is related to the phase of the cycle, and binding 
of LH to uterine receptors increases uterine prostaglandin 
synthesis [2, 5]. Prehminary observations in our laboratory 
indicated that both FSH and LH receptors are also present 
in the cervix. We therefore investigated whether FSHRs are 
associated with the regulation of cervical prostaglandin, 
particularly around the time of estrus, when both cervical 
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PGE2 production [6] and peripheral FSH concentrations are 
maximal. 

The present investigation was therefore conducted to de- 
termine the presence of FSHR and its mRNA, and its phys- 
iological activity, in the bovine reproductive tract. Since the 
cervix is a prostaglandin Ei (PGEi)- and PGE2-sensitive 
tissue and responds to hormonal stimulation, we also de- 
termined whether FSH could increase cervical cyclooxy- 
genase expression and production of PGE2 in vitro, partic- 
ularly at the time near estrus. 

MATERIALS AND METHODS 

Animals 

Cervical and ovarian tissues were collected from Hol- 
stein cows at a local abattoir. The stage of the cycle was 
determined according to signs of ovulation and the status 
of corpora lutea (CL; weight, color). These parameters al- 
lowed the classification of the cervix into three groups: 1) 
pre-estrous/estrous (follicular, 18-20 days postoviilation; 
regressed CL < 1.0 g; presence of cervical mucus; n = 
54); 2) postovulatory (1-4 days postovulation; presence of 
corpora hemorrhagica; signs of follicular nipture; n = 35), 
and 3) luteal (12-16 days postovulation; CL 4-6 g; n = 
44). Bovine granulosa cells were collected from pre-es- 
trous/estrous follicles and used as a positive control for 
FSHR expression [7]. 

The cervix external os segment was taken as the initial 
3 cm of the cervix (total length of cervix is about 9 cm). 
The cervical os segments, primarily luminally oriented 
muscularis with epithelium, were sliced into horizontal 
strips (1 cm in length), pooled, and minced finely with a 
scalpel. The Kimuron Veterinary Institute Animal Care and 
Use Committee approved all procedures. 

FSHR Gene Expression 

RNA isolation. Bovine cervical or ovarian tissues were 
rapidly dissected and frozen in liquid nitrogen (within 20 
min after slaughter). Total RNA was extracted using the 
acid phenol, guanidine thiocyanate teclmique [8], using 
TriReagent (Molecular Research Center, Inc., Cincinnati, 
OH) according to the manufacturer's instructions. 

Reverse transcription (RT)-polymerase chain reaction 
(PCR). Bovine FSHR mRNA was detected as previously 
described for the LH receptor mRNA [5]. Oligonucleotides 
corresponding to the published sequence of the bovine 
FSHR [7] were synthesized and used as primers in a PCR 
reaction. Bovine ovarian and cervical tissue cDNA ob- 
tained by RT of 2 \ig RNA was used as a template in the 
PCR reaction using a pair of primers corresponding to the 
transmembrane segments of the FSHR. The primers, 20- 
mer each, were selected using the OLIGO Program (Oligo 
Rl primer analysis software; National Biosciences, Plym- 
outh, MN). The forward primer corresponded to position 
1399-1419 (5'CGGCTTTTTCACTGTCTTTG3') on the 
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bovine FSHR niRNA [7]. The reverse primer was a 20-mer 
oligonucleotide complementary to position 1763-1783 
(5'CGCTTGGCTATCTTGGTGTC3')- The predicted size 
of the RT-PCR product was 384 basepairs (bp). Four mi- 
croliters of the RT reaction were used as a template for 
PGR; the reaction was allowed to proceed 35 cycles using 
2 U Termus Aquaticus DNA polymerase (recombinant) 
provided by MBI Fermentas, Vilnius, Lithuania, and 200 
pmol of each primer. The cycling parameters of the PGR 
were 98X for 20 sec, 56T for 45 sec, and 72T for 45 
sec. After amplification the samples were separated on a 
1% agarose gel, stained with ethidium bromide, and pho- 
tographed under UV light. The 384-bp fragment was ex- 
tracted using the Wizard PGR Preps Kit (Promega, Madi- 
son, WT) and sequenced with the upper primer using an 
automatic sequencer (Applied Biosystems, Foster City, 
CA). For internal control, a bovine p-actin fragment of 890 
bp was produced from an upper primer (5'ACCA- 
ACTGGGACGACATGGAG3'; 21 mer) and a lower prim- 
er (5'GCATTTGCGGTGGACAATGGA3'; 21 mer) as pre- 
viously described [5]. Each PGR amplification was stan- 
dardized using ovarian granulosa cDNA to produce a spe- 
cific band of the predicted size. Standardization was based 
on temperature, cycle number, Mg level, and pH. 

Western Blots 

Cervical, bovine seminal vesicle, or muscle minces were 
sonicated for 45 sec, lysed in 500 \x\ lysing buffer (1% 
Nonidet-40 [Sigma, St. Louis, MO], 2 mM EGTA, 5 nM 
MgCl2, I mM PMSF in PBS) and incubated for 2 h at 4°G. 
After centrifugation, aliquots were taken for protein deter- 
mination using gamma globulin (Sigma) as reference stan- 
dard [9] and a protein dye binding method (Bio-Rad Lab- 
oratories, Richmond, CA). Sixty micrograms of protein of 
the soluble tissue extract was then separated by electropho- 
resis on 5-9%-gradient SDS-PAGE and electrob lotted onto 
nitrocellulose paper (Amersham, Little Chalfont, Bucks, 
UK) as described previously [9]. The nitrocellulose mem- 
brane was washed with PBS containing 0.05% TWEEN-20 
and blocked with 10% horse serum (Kimron Veterinary In- 
stitute) in washing solution. The nitrocellulose membrane 
was then treated with either 1) an anti-peptide antibody 
(code name 179) raised against human (h) FSHR peptide 
265-295, diluted 1:500 (donation of Dr. J. A. Dias, Wads- 
worth Center, New York State Department of Health); 2) 
rabbit antiserum for bovine G protein (aj diluted 1:1000; 
. UBl, Lake Placid, NY); or 3) rabbit anti-bovine cycloox- 
ygenase polyclonal antiserum (diluted 1:200; Kimron Vet- 
erinary Institute) [9]. Different dilutions were used for each 
antibody, and the final dilution used was 75% of the dilu- 
tion, which gave a maximal signal as previously described 
[9]. The nitrocellulose paper was then incubated with horse- 
radish peroxidase-conjugated goat anti-rabbit IgG (Sigma 
Israel, Rehovot, Israel; diluted 1:2000 in washing buffer) 
for 1 h at room temperature. The presence of FSHR, G 
protein (a^), or cyclooxygcnase was then visualized by 
means of a color reaction as follows. The nitrocellulose 
paper was incubated in a substrate solution containing 3'3'- 
diaminobenzidine (0.5 mg/ml; Sigma) in a mixture of PBS 
containing 0.5% CaCIs and 6% H2O2. The antibody to 
hFSHR recoenized the 75-kDa protein of the FSHR, The 
antibody to G (a,) recognized both the 42-kDa and 87-kDa 
foi-ms of this protein, and the antibody to cyclooxygcnase 
recognized the 72-kDa form (cyclooxygcnase 11). Extract 
of bovine seminal vesicles that are known to have a high 



content of cyclooxygcnase was used as positive control as 
previously described [9]. The densitometric scans were ob- 
tained using a bio-imaging system (B.I.S. 2020; Rhenium 
Dingo, Jerusalem, Israel) and processed with Tina 2.0 soft- 
ware (Fuji, Japan). Linearity of detection [9] was deter- 
mined for densitometry for both Western and Northern 
blots. Each Western blot was evaluated in the absence of 
the first antibody, and no signal was detected. 

Northern Blot Analysis 

For Northern blots, 10 {ig of total RNA was denatured 
in 20 |jl1 50% formamide/2.2 M formaldehyde in single- 
strength 3-(«-morpholino) propanesulfonic acid (MOPS) 
buffer (0.04 M MOPS, 10 mM sodium acetate, 1 mM 
EDTA) at 65°C for 10 min. Samples were placed on ice, 
and 5 [x\ of loading buffer (0.5% SDS, 0.25% bromophenol 
blue, 25% glycerol, 25 mM EDTA) was added. Samples 
were subjected to electrophoresis through a 1.2% agarose 
formaldehyde gel and transferred by capillary blotting to 
nylon membranes (Nytran; Schleicher and Schuell, Keene, 
NH). RNA was subsequently UV cross-linked to mem- 
branes. The RT-PCR product fragments of 384 bp for 
FSHR and 890 bp for p-actin were used to generate bioti- 
nylated probes using random primer biotin labeling of DNA 
for chemiluminescence (NEBlot phototype kit; Biolabs, 
Beverly, MA) according to the manufacturer's instnictions. 
The blotted membrane was prehybridized at 65°C for 1 h 
in prehybridization solution (6-strength SSC [3 M NaCI, 
0.3 M sodium citrate], 5-strength Denhardt's reagent [1%. 
ficoll, 1% polyvinylpyrrolidone, 1% BSA], 0.5% SDS, and 
100 p-g/ml denatured salmon sperm DNAs) and hybridized 
overnight in the same solution with the denatured biotiny- 
lated probe to the target RNA. The membrane was then 
washed in double-strength SSC, 0.1% SDS at room tem- 
perature for 10 min and washed again in 0.1 -strength SSC, 
0.1% SDS at 68°C for 15 min followed by subsequent 
chemiluminescence, development, and detection on x-ray 
film (RX; Fuji Film, Tokyo, Japan). To obtain quantitative 
data for the specific mRNA, we used the densimetric value 
for 3-actin mRNA to normalize each specific mRNA value. 
To remove FSHR probe, membranes were stripped using 
water for 15 min, then incubated in 0.4 M NaOH, 0.1% 
SDS at 80°C for 30 min. The membrane was rinsed again 
in 0.2 M Tris-HCl, 0.1 -strength. SSC for 30 min at 25°C. 
After stripping, prehybridization and hybridization with (3- 
actin probe were performed as described for FSHR mRNA. 

Cyclic AMP Determinations 

Cervical tissue minces (50 mg/ml) were incubated for 
10 min in wells of 1.5 ml containing 1.0 ml of Tissue Cul- 
ture Medium- 199 (TCM-199 without serum (Biological In- 
dustries, Beit Haemek, Israel) in the absence or presence 
of physiological (5, 10 ng/nil) and pharmacological doses 
(20, 40 ng/ml) of FSH (USDA-bFSH-8-1 ; no ftirther in- 
crease 'in cAMP production was seen at 50 or 100 ng/ml) 
or forskolin, a stimulator of adenylate cyclase (10 jjiM; Sig- 
ma). The dose of forskolin was selected to give a 3-fold 
increase in cAMP At the end of the incubation, tissues were 
removed, blotted on filter paper to remove mucus, and in- 
cubated overnight at 4°C with 400 |xl of 3% HCIO4. The 
solution was then neutralized with 150 \x\ of KHCO3 and 
centrifuged, and 50-p.l aliquots were taken for the radiore- 
ceptor assay as described by Brown et al. [10] and modified 
for endometrium by Miyazaki et al. [11]. Standards (0- 
1000 pg of cAMP) or samples were incubated at room tern- 
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FIG. 1 . RT-PCR amplification of bovine cervix FSHR and P-actin mRNA. 
RT-PCR was performed as described in Materials and Methods for FSHR 
and 3-actin. Separate RT-PCR amplification products of FSHR (estimated 
384 bp) and p-actin (estimated 890 bp) were combined and separated on 
agarose gel electrophoresis and stained with ethidium bromide. RT-PCR 
was performed using 2 jjig RNA of bovine granulosa cells as a positive 
control (lane 1), cervical tissue at the pre-estrous/estrous (lanes 3-4), post- 
ovulatory (lanes 5-6), and luteal phases (lanes 7-8), Lanes 9-1 0 represent 
reamplification, using as template the PCR product, cDNA, from the lu- 
teal-phase amplification. Lane 2 represents negative control in the ab- 
sence of RNA. The tissue was taken from 4 cows at each stage of the 
estrous cycle, and two representative samples from each stage are shown. 
SM, size markers. 



peratiire with 100 \x.\ of cAMP binding protein prepared 
from bovine adrenal extracts as described [10]. The buffer 
used for the assay was added to form a final reaction vol- 
ume of 400 |xl. After 2-h incubation in a cold room, the 
reaction was stopped by adding 300 |xl of a charcoal-dex- 
tran solution; centrifugation followed, and the supernatant 
was removed for counting in a scintillation counter The 
sensitivity of the assay was 60 pg/tube. Quadruplicate as- 
says were made for each value determined. The within- 
assay and between-assay coefficients of variance were 8% 
and 10%, respectively. 



1401 

BTFSH GCTTTTTCAC TGTCTTTGCC AGTGAGCTCT CAGTCTACAC TCTGACCGCC 
Cervix GCTTTTTCAC TGTCTTTACI AGTGAGCTCT CAGTCTACAC TCTGACCGCC 

BTFSH ATCACGCTGG AAAGATGGCA TACCATCACC CATGCCATGC AGCTCGAATG 
Cervix ATCACGCTGG AAAGATGCCA TCCCATCACC CGTGCCATGC AGCTCGAATG 

BTFSH CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 
Cervix CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 

BTFSH TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 
Ceivix TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 

BTFSH AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 
Cervix AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 

BTFSH CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 
Cervix CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 

BTFSH GTGGCTGCTA CACTCACATC TACCTCACGG TGAGGAACCC CAACATCACA 
Cervix GTGGCTXCTI CACTCACATC TACCTCACGG TGAGGAACCC CAACATCACA 

1761 

BTFSH TCCTCTTCTA GTG 
Cervix TCCTCTTCTA GTG 

HIC. 2. Automated nucleotide sequencing and hotmology between Bos 
taurus mRNA FSHR (Gen Bank accession number L22319) from nucleo- 
tides MOl to 1 76;i and the PCR products obtained using the upper primer 
as described in Mnteruils and Methods. A homology of 97.5% was found 
between Bos tnurus nnd our amplified cDNA obtained by RT-PCR from 
cervical mRNA at pre-eslrus/estrus, suggesting that they are complemen- 
tary. 



Measurement of Phospholipase C (PLC) Activity 

Cervical minces (30 mg) were incubated in 1 ml TCM- 
199 containing 5 mCi pH]myo-inositoI for 90 rain. Slices 
were rinsed with 1 ml TCM-199 and incubated for another 
60 min to remove unincorporated pH]myo-inositol. At the 
end of the preincubations, slices were incubated in 1 ml 
TCM-199 containing 10 mM LiCl to inhibit inositol phos- 
phate (IP) hydrolysis, allowing ^H-IP, ^H-IPj, and ^H-IPj to 
accumulate in the tissue after stimulation of PLC, in ab- 
sence or presence of 0-20 ng/ml of FSH or 0-20 ng/ml 
LH (USDA bLH-I-1). Incubations were terminated by add- 
ing 2 ml ice-cold chloroform/methanol/hydrpchloric acid 
(5:10:0.1, v:v:v) and then 1 ml chloroform and 1 ml EDTA 
(5 mM) and extracted as described by Kisielewska et al. 
[12]. ^H-IP, ^H-IP2, and ^H-lPs were separated from the 
labeled inositol compounds by using Dowex AG 1-X8 (for- 
mate form). ^H-Labeled IP was eluted from the column by 
sequential elution into 10 fractions. Aliquots of each frac- 
tion were added to scintillation vials containing 5 ml scin- 
tillation fluid, and radioactivity was determined using a 
scintillation counter. Total activity of PLC is expressed as 
cpm of total IPs/30 mg/30 min. 

RIA for PGE, and PCF,, 

Aliquots of 100 |xl were taken at the end of the incu- 
bation period for specific RIA of PGE2 and PGF2„, which 
were performed without chromatographic separation. The 
antisera for PGF2, (Sigma) reacts preferentially with PGF2„ 
but cross-reacts with PGFi„ (60%) and to a negligible ex- 
tent (< 0.1%) with prostaglandins of the A, B, and E series. 
The antisera to PGE^ (Sigma Israel) reacts preferentially 
with PGE2 but cross-reacts with PGE, (20%), PGA,, PGA2, 
PGFi„, and PGF2„ (< 10%) and to a negligible extent with 
PGBi"and PGB2 (< 0.1%). The intraassay coefficients of 
variation were 9% and 11%, and the interassay coefficients 
of variance were 12.3% and 13% for PGF2„ and PGE2. 

Statistical Analysis 

ANOVA was performed with a significance level of p 
< 0.05. Data were further analyzed using Tukey's proce- 
dure (/? < 0.05 or /? < 0.01) to assess significance between 
treatments. Student's Mest wais used where appropriate. 
Values are expressed as means ± SEM. 

RESULTS 

FSHR mRNA Expression in the Cervix 

RT-PCR demonstrated that the FSHR gene is expressed 
in bovine cervix as indicated by the presence of the 384- 
bp fragment corresponding to bFSHR mRNA. The mRNA 
was maximally expressed in the cervix during the pre-es- 
trous/estrous phase. In contrast, the expression of the gene 
was reduced in postovulation cervix and not detectable in 
luteal-phase cervix (Fig. 1). However, reamplification of the 
PCR product, cDNA, from the luteal phase produced a de- 
tectable signal (Fig. 1 ). 

To demonstrate that the absence of FSHR mRNA in lu- 
teal-phase cervix was specific, bovine p-actin mRNA was 
used as internal control. PCR demonstrated that the specific 
890 bp of the p-actin cDNA band was produced by the 
cervical tissues of all the stages. The band for p-actin was 
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FiG. 3. Northern blot for analysis of total RNA (10 jxg) extracted from 
bovine cervical tissues collected from pre-estrous/estrous, postovulatory, 
and luteai-phase cows, and bovine granulosa cells as a positive control. 
Relative migration of 2SS and 185 ribosomal RNA is indicated. To localize 
mRNA for FSHR and (3-actin, our RT-PCR products (384-bp and 890-bp 
fragments, respectively) were used to generate biotinylated probes using 
biotin random primer. Figure shows results for FSHR mRNA in bovine 
granulosa cells as a positive control (lane A); and in cervical tissues at 
pre-estrus/estrus (lanes B~C), postovulalion, (lanes D-E) and the luteal 
phase (lanes F-G). The corresponding }3-actin band was obtained by re- 
probing of the membranes previously tested for FSHR mRNA as described 
in Materia} Is and Methods. Columns show mean ± SEM of the optical 
density of the ratio FSHRip-actin, in which the luteal phase is given an 
arbitrary value of 1.0. ^Significantly different from luteal-phase value (p 
< 0.01); n = 5 for each stage. 
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FIG. 4. Presence of FSHR protein in cervical tissues as determined by 
Western blot. Soluble cell extracts (60 fxg protein) were used to determine 
the amount of FSHR as described in Materials and Methods. Western blot 
proteins were transferred to nitrocellulose paper and probed with anti- 
serum to peptide hFSHR, 265-296. Western blot displays a representative 
result for bovine granulosa cells, used as positive control (lane A); bovine 
seminal vesicles (lane B) and muscle, used as a negative control (lane C); 
and cervical tissues from three stages of the estrous cycle: pre-estrous/ 
estrous (lane D), postovulatory {lane E), and luteal (lane F). Histogram 
summarizes the results for the three stages of the estrous cycle. Columns 
show mean ± SEM of the relative optical density in which the luteal phase 
is given an arbitrary value of 1 .0. *Significantly different from luteal-phase 
value ip < 0,01); n = 7 for each stage. 



present even though the 384-bp band corresponding to the 
FSHR was absent (Fig. 1). 

The nucleotide sequence (Fig. 2) of the 384-bp fragment 
obtained from pre-estrous/estrous cervix was compared 
with that for the Bos taunts FSHR reported by Houde et 
al. [7]. It was found that there was a 97.5% homology be- 
tween the 384-bp fragment and the nucleotide range 1410- 
1763 found in the Bos taurus FSHR. 

The Northern blot contained the expected three tran- 
scripts of 2.55, 3.3, and 3.8 kilobases (kb) present in the 
bovine granulosa. However, the high (6.8-kb) and low (1.6- 
kb) transcripts found in the ovary were not found in the 
cervix. The three transcripts were found in pre-estrous/es- 
trous cervix, but only one transcript (2.55 kb) was seen in 
luteal cervix (1/8 of the pre-est'us/estrus level; n = 5) or 
postovulatory cervix (1/3 of the pre-estrus/estrus level; n = 
5) (Fig. 3). 
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FIG 5 Effect of incubation of cervical tissues with FSH on the expres- 
sion of the FSHR protein. Cervical tissue from 5 pre-estrous/estrous cows 
was incubated in the absence or presence of FSH (0 or 1 0 ng/m I) Western 
blot is representative for FSH protein concentration after 3 h of mcuba- 
tion with granulosa cell extract serving as positive control. Lane A, Gran- 
uiosa cells (CO; lane B, cervical tissue at Time 0; lane Q cervical tissue 
after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 h ot 
incubation with 10 ng/ml of FSH. . Lane E represents muscle tissue incu- 
bated with FSH (10 ng/m I) for 3 h as a negative control. Histogram sum- 
mari7es the results of six experiments. Columns are means ± SEM. Sig- 
nificantly different (p < 0.01) from the column representing the control 
at 3 h (a given value of 1). 



FSHR Protein in the Cervix 

The presence of FSHR protein in the cervix was dem- 
onstrated as determined by Western blot analysis using a 
specific antipeptide antibody for hFSHR. The antibody rec- 
ognized a 75-kDa protein in both bovine granulosa and 
cervical preparations identical with the predicted molecular 
size of FSHR. The signal for the 75-kDa protein was stron- 
gest in pre-estrous/estrous cervix when compared with 
postovulation- (3-fold) or luteal-phase (6-fold) cervix (Fig. 
4) With the use of 60 |xg protein in each lane, this protein 
was observed to be expressed throughout the estrous cycle. 

In Vitro Effect of FSH on Induction of FSHRs 

A time-course (0.75, 1.5, and 3 h) and dose-response (0, 
10, and 20 ng/ml) study was carried out to determine m 
vitro effect of FSH on its own receptor. Cervical minces 
(100 mil) from cows in the pre-estrous/estrous, postovula- 
. tory an^d luteal phases were used. It was found, as deter- 
mined by Western blot, that FSH induced its own receptor 
in cervical tissues at pre-cstrus/estrus, with a 3-fold increase 
(p < 0 01) observed at 10 ng/ml after 3 h of incubation 
(Fig 5) However, no effect of FSH was seen at earlier 
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FIG 6 Effect of incubation of cervical tissues with FSH on the synthesis 
of G protein. Cervical tissues from 5 pre-estrous/estrous cows were in-, 
cubated in the absence or presence of FSH {10 ng/ml). Both the 87-kDa 
G protein («, 7 complex) and 42-kDa protein (a,) are elevated at 3 h 
of incubation. Granulosa cell extract was used as a positive control. Lane 
A Granulosa celts (GC); lane B, cervical tissue at Time 0; lane C cervical 
tissue after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 
b of incubation with 10 ng/ml of FSH. Columns are means ± SEM of 42- 
kDa protein. ^Significantly different (p < 0.05) from the column repre- 
senting the control at 3 h (with an arbitrary value of 1.0). 



times at the 10 ng/ml level. When 20 ng/ml was used, a 
stimulatory effect (2-fold) was seen after 1.5 h. No signif- 
icant response was observed when tissues of the postovu- 
latory or luteal phase were used at any dose or time tested 
(data not shown). 

Effect of FSH Treatment on G Protein (a J 

A time-course and dose-response study was carried out 
to determine whether cervical FSHR was coupled to G pro- 
tein. Cervical minces (100 mg) from cows in the pre-es- 
trous/estrous, postovulatory, and luteal phases were incu- 
bated in the presence of FSH (0-20 ng/ml) for 0.75, 1.5, 
and 3 h. It was found in pre-estrous/estrous cervical tissue 
that, in the presence of FSH (10 ng/ml), there was a sig- 
nificantly (p < 0.05) higher level of G protein (ol,) at the 
level of both the 87-kDa (a, 7 complex) and the 42-k:Da 
(a,) proteins after 3 h of incubation (Fig. 6). FSH, at either 
10^ or 20 ng/ml, did not have a stabilizing effect on the 
level of G protein (aj shorter times of incubation (0.75 
or 1.5 h). No significant response was observed when tis- 
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FIG. 7. Effect of FSH on IP production in cervical tissue. Cervical tissues 
from six cows at each of three stages of the cycle were Incubated for 30 
min in the absence or presence of FSH (10 ng/ml) or LH (ng/nil). IPs 
produced were determined in four replicates by amount of labeled com- 
pound (cpm) produced. Columns are means ± SEM (*p < 0.05; **p < 
0 01; significantly different from control value for each stage of the cycle). 



sues of the postovulatory or luteal phase were used at any 
dose or time tested (data not shown). 

IP Pathway Activation by F5H 

For IP measurement, cervical tissue minces (30 mg) 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated for 30 min in the absence or presence 
of FSH (10 ng/ml) or LH (10 ng/ml). FSH significantly (p 
< 0 01) increased the level of IP, IP2, and IP3 at pre-estrus/ 
estrus. However, FSH significantly (p < 0.05) inhibited IP 
level in the postovulatory stage. In contrast, LH, but not 
FSH, stimulated IPs significantly (p < 0.01) at the luteal 
phase (Fig. 7). 

Adenylate Cyclase Activation by FSH 

A dose-response analysis was used to determine whether, 
the cervical FSHR was coupled to adenylate cyclase. In 
these experiments, cervical tissue minces (50 mg) obtained 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated with FSH (0-40 ng/ml). FSH in- 
creased cAMP accumulation in a dose-dependent manner 
when incubated with pre-estrous/estrous cervical tissues, 
with maximal stimulation 2.5 times {p < 0.01) that of con- 
trol in the presence of 10 ng/ml (Fig. 8 A). In contrast, cer- 
vical tissue from luteal or postovulation did not respond to 
FSH even though tissues from all phases of the cycle re- 
sponded to forskolin with a significant (;? < 0.01) mcrease 
in cAMP (Fig. 8B)- 

Effect of FSH on PCE Production by Cervical Tissues 

A dose-response analysis was carried out to determine 
whether FSHR was associated with cervical prostaglandin 
production. PGE2 and PGF2, production by cervical minces 
(100 mg/ml) in the presence of FSH (0-20 ng/ml) was de- 
termined by RIA. FSH stimulated (p < 0.01) basal PGE2 
production in a dose-dependent manner and caused a 3-told 
increase in PGE2 production at 10 ng/ml in pre-estrous/ 
estrous cervical tissues (n - 8, Fig. 9). FSH had no effect 
on the small amount of basal PGF2. (< 1 ng/100 mg) pro- 
duced by cervical tissue (data not shown). FSH did not 
elevate PGE2 in cervical tissues from the luteal phase; fur- 
themiore, a small but significant (p < 0.05) inhibition was 
observed at postovulation (Fig. 9). 
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FIG. 8. Effect of FSH on adenylate cyclase production in cervical tissue. 
A) Cervical tissues from six cows at pre-estrus/estrus were incubated (4 
replicates) for 10 min in the absence or presence of FSH (0, 5, 10, 20, or 
40 ng/ml) or forskolin (10 jjimol/L), and the amount of cAMP produced 
was measured by a protein binding assay. B) Cervical tissues from six 
cows at each of the three stages of the estrous cycle were incubated (4 
replicates) for 10 min in the absence or presence of FSH (10 ng/ml) or 
forskolin (10 ^iM). The amount of cAMP produced was measured by a 
protein binding assay. Columns are means ± SEM. Columns with asterisks 
were statistically different from their own control (*p < 0.01; **p < 0.05). 
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FIG. 9. FSH dose response on production of PCE;, by cervical tissues. 
Cervical tissues from 8 pre-estrous/estrous, postovulatory, or luteal-phase 
cows were incubated in the absence or presence of FSH (5, U), or 20 ng/ 
ml) for 6 h, and the effect on the production of PGE. was measured by 
RIA. *p < 0.01; **p < 0.05. 
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FIG 10 Effect of incubation of cervical tissues with FSH on the ex- 
pression of cyclooxygenase. Cervical tissues ^^^m 5 pre-estrous/est^ 
cows were incubated in the absence or presence of FSH (10 ng/ml) The 
72-kDa cyclooxygenase II protein was elevated at 3 h of incubation. Lane 
A, bovine granulosa cells (GO; lane B, cervical tissue at Time 0; lane C, 
cervical tissue after 3 h of incubation in TCM-199; lane D. cervical tissue 
after 3 h of incubation with 10 ng/ml of FSH. Columns are means ± SbM 
of 72-kDa protein. ^Significantly different (p < 0.01) from the column 
representing the control at 3 h (with an arbitrary value of 1 .0). 



Cyclooxygenase Activation by FSH 

To determine whether the presence of FSHR was asso- 
ciated with the expression of cyclooxygenase, cervical 
minces were incubated for 3 h in the presence or absence 
of FSH (10 ng/ml). Tissues from pre-estrous/estrous, post- 
ovulatory, and luteal-phase cows were extracted, separated 
on SDS-PAGE, and tested for the cyclooxygenase 11 (72 
kOa) using a specific antibody. It was found that m cervical 
tissues from six pre-estrous/estrous cows, FSH mduced a 
200% increase in the expression of cyclooxygenase after 3 
h of incubation (Fig. 10). In contrast, no effect on eye o- 
oxygenase expression was seen in cervical tissues from lu- 
teal-phase cows, and an insignificant {p > 0.05) elevation 
at the postovulatory phase was observed (data not shown). 

DISCUSSION 

Rcsuhs of this study demonstrate by both PGR amplifi- 
cation and Northern blot analysis that FSHR mRNA is pres- 
ent in the bovine cervix. The bands corresponding to the 
receptor (75 kDa) and its mRNA were maximally expressed 
during the pre-estrous/estrous phase. Incubation of cervical 
tissues with FSH increased the expression of cyclooxygen- 



ase and the production of PGE2 (and possibly PGEj) at the 
pre-estrous/estrous phase. The stimulation of cervical cy- 
clooxygenase was associated with activation of both the 
PLC and adenylate cyclase second messenger G-protein re- 
lated pathways. ... c 

Northern blot analysis of bovine cervical tissues trom 
pre-estrous/estrous cows revealed multiple transcripts for 
bovine cervical FSHR. The sizes of the major transcripts 
were 2.5 kb, 3.3 kb, and 3.8 kb, which were similar to those 
obtained in bovine granulosa cells [7], rat testis and ovary 
[13, 14], and human ovary [15] and myometrium [16]. Oth- 
er minor transcripls have been reported in all of these spe- 
cies. The RT-PCR product yielded a single band of 384 bp, 
which was the expected molecular size, so the different 
isoforms of the FSHR are probably the result of differential 
splicing of the same transcript. Isoforms of FSHR have 
been characterized in human [17] and primate [18] ovary 
and in ovine testis [19]. Since only a single 2.5-kb isomer 
was present in luteal-phase cervix (which did weakly pro- 
duce FSHR), it would appear that there are different iso- 
fonns present in the bovine cervix as well. 

The nucleotide sequence homology between our RT- 
PCR 384-bp product was 97.3% identical to the comparable 
region of the bovine FSHR, showing that our amplified 
cDNA was complementary to the Bos taurus mRNA FSHR. 
The PGR product of 384-bp cDNA was found primarily in 
the pre-estrous/estrous cervix. 

Using specific antibody raised in rabbits against hFSHR 
(amino acid sequence 265-296) for Western blot analysis 
resulted in a major signal for a 75-kDa protein. A protein 
of similar molecular mass has been reported in rat and hu- 
man ovary [20]. A strong signal for this protein was seen 
in the pre-estrous/estrous cervix compared with cervix from 
the other stages of the cycle. This cervical receptor was 
regulated by FSH itself, similar to the regulation of the 
FSHR in the rat ovary [14]. 

FSH increased cAMP production by cervical tissue from 
the pre-estrous/estrous phase but did not elevate cAMP in 
the postovulatory and luteal phases. FSH elevation of IPs 
displayed the same pattern. It would therefore appear that 
the cervical FSHR is associated with signal transduction 
pathways in a way similar to the accepted mechanism ot 
LH action in the ovary and testes, i.e., activation of the 
second messenger pathways— adenylate cyclase [21] and 
phosphatidyl-inositol (PLC) [22, 23]. The inhibitory effect 
of FSH on IPs and cAMP at postovulation occur when 
FSHR is low. Since FSH activity is biphasic, i.e., is stim- 
ulated by a low dose and inhibited by a high dose, an in- 
hibitory effect at low concentrations could be the result of 
the change in the ligand-receptor ratio. 

FSH induced about a 200% increase in the expression 
of cyclooxygenase at pre-estrus/estrus but had no effect on 
the two other stages of the cycle. This was similar to the 
response of cyclooxygenase to LH that was observed for 
the bovine endometrium [2] and uterine vein [6]. However, 
in the endometrium, LH increased cyclooxygenase during 
both the luteal and postovulatory phases but not at estrus 
[2]. Furthermore, the induction of cyclooxygenase by go- 
nadotropin in the endometrium was associated with an in- 
creased level, of PGF.,, while in the cervix PGE. was llie 

major product. , . • 1 r 

The bFSH was of immunological grade and devoid ol 
residual biological contamination of LH, thyroid-stimulat- 
ing hormone, growth hormone, prolactin, or ACTH. The 
effects on increasing cAMP, PGE2, and cyclooxygenase as 
well as induction of FSHR were therefore specific. Fur- 



BOVINE CERVICAL FSHR 



783 



Ihermore, it was found that highly purified hFSH (10-20 
ng/ml) (donation of J.A. Dias) had the same eftects as 
bFSH when incubated with cervical tissue under the same 
conditions (2.5-fold increase in cAMP; 3-fold increase m 
PGE2; 2-fold increase in cyclooxygenase). 

The relaxation and opening of the gravid cervix is due 
to active biochemical and structural changes in the cervical 
connective tissue that are mediated in part by prostaglan- 
dins [24]. It is thought that stretching of the cervix is a 
factor in causing the release of these prostaglandins [25, 
26] The effect of PGE in causing cervical softening in the 
ewe is also well documented [27-29]. In both nonpregnant 
and pregnant cows, PGE2 causes an increase in cervical 
opening within 3 h of treatment [30]. PGEi admmistered 
intra-cervically in a jelly was shown to decrease cervical 
resistance within 24 h [31]. , • -r 

Recently, we reported [6] that oxytocin caused a signif- 
icant stimulation of PGE2 production in vitro in cervical 
tissues from pre-estrous/estrous cows but had no effect on 
PGE2 production in cervical tissue from other stages of the 
estrous cycle of the cow. Similarly, in an initial report [31], 
it was shown that administration of oxytocin to pre-estrous 
cows increased the concentration of PGE2 in the cervical 
exudate. However, peripheral oxytocin concentrations dur- 
ing estrus are lower than during the luteal phase [32, 33], 
and elevations of both peripheral oxytocin and cervical 
oxytocin receptor concentration are necessary for oxytocin 
to cause cervical softening towards parturition [24]. Fur- 
thermore, progesterone in vitro induced a dose-dependent 
inhibition of PGE2 release by cervical tissues from pre- 
estrous/estrous cows, and this was associated with a'^de- 
crease in both basal and oxytocin-stimulated PGE2 produc- 
tion [6]. It would therefore seem that hormones other than 
oxytocin are responsible for the increase in cervical PGE2 
in the pre-estrous/estrous cow. The present report indicates 
that FSI-K which has its peak peripheral concentration at the 
time of estrus, could be the hormone that increases cervical 
PGE2, as the FSHR expression is maximal at this time and 
FSH in vitro increases PGE2 production by the cervix. 

The bovine cervix at pre-estrus/estrus has high levels of 
FSHR protein and its corresponding mRNA. Activation of 
the receptor by FSH is associated with the G-protein-cou- 
pled receptor family that mediates the cAMP and IP sig- 
nalling pathways. These signalling pathways then increase 
the expression of cyclooxygenase and production of PGE2^ 
The expression of the FSHR was maximal at the time ol 
the FSH peak in the blood and suggests a physiological 
role for FSH in the relaxation and opening of the cervix at 
estrus. 
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The alpha(v)beta6 integrin receptor for Foot-and-raouth disease virus is 
expressed coustitutively on the epithelial cells targeted in cattle. 

Monafihan Gold S , Simpsoa J, Zhaog Z . Weinreb PH , Violctte SM, Aiexandersen 
S, Jackson T . 

Institute for Animal Health, Pirbright Laboratory, Ash Road, Pirbriglit, Surrey GU24 
ONF, UK. 

Field strains of Foot-and-mouth disease virus (FMDV) use a number of alpha(v)- 
integrins as receptors to initiate infection on cultured cells, and integriris are believed to 
be the receptors used to target epithelial cells in animals. In this study, 
inrununofluorescence confocal microscopy and real-time RT-PCR were used to 
investigate expression of two of tlie integrin receptors of FMDV, alpha(v)beta6 and 
alpha(v)beta3, within various epithelia targeted by this virus in cattle. These studies show 
that alpha(v)beta6 is expressed constitutively on the surfaces of epithelial cells at sites 
where infectious lesions occur during a natural infection, but not at sites where lesions 
are not normally formed. Expression of alpha(v)beta6 protein at these sites showed a 
good correlation with the relative abundance of beta6 mRNA. hi contrast, alpha{v)beta3 
protein was only detected at low levels on tiie vasculature and not on the epithelial cells 
of any of the tissues investigated. Together, these data suggest dlat in cattle, 
alpha(v)beta6, rather than alpha(v)beta3, serves as the major receptor that determines tlie 
tropism of FMDV for the epithelia normally targeted by this virus. 
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Urolcinase-mediated posltranscriptional regulation of urokinase-rcceptor 
expressiou id non small cell lung carcinoma. 

Montuori N , MattieHo A, Mancini A, Taglialatcla P. Caputi M . Rossi G, Ragno P . 

Istituto di Endocrinologia ed Oncologia Sperimentale, Consiglio Nazionale delle 
Ricerche, Naples, Italy. 

The urokinase-type plasminogen activator (uPA) and its cellular receptor (uPAR) are 
involved in the proteolytic cascade required for tumor cell dissemination and metastasis, 
and are highly expressed in many human tumors. We have recently reported that uPA, 
independently of its enzymatic activity, is able to increase the expression of its own 
receptor in uPAR-transfected kidney cells at a posttranscriptional level. In fact, uPA, 
upon binding uPAR, modulates the activity and/or the level of a mRNA-stabilizing factor 
tliat binds the coding region of uPAR-mRNA. We now investigate the relevance of uPA- 
mediated posttranscriptional regulation of uPAR expression in npn small cell lung 
carcinoma (NSCLC), in which the up-regulation of uPAR expression is a prognostic 
marker. We show that uP A is able to increase uP AR expression, both at protein and 
tnRNA levels, in primary cell cultures obtained from tumor and adjacent normal lung 
tissues of patients affected by NSCLC, thus suggesting that the enzyme can exert its 
effect in lung cells. We investigated the relationship among the levels of uPA, uPAR and 
uPAR-mRNA binding protein(s) in NSCLC, Lung tissue analysis of 35 NSCLC patients 
shows an increase of both uPA and uPAR in tumor tissues, as compared to adjacent 
. normal tissues, in 27 patients (77%); 19 of these 27 patients also show a parallel increase 
of the level and/or binding activity t}f a cellular protein capable of binding the coding 
region of uPAR-mRNA. Therefore, in tumor tissues, a strong correlation is observed 
among these 3 parameters, uPA, uPAR and the level and/or the activity of a uPAR- 
mRNA binding protein. We then suggest that uP A regulates uPAR expression in NSCLC 
at a posttranscriptional level by increasing uPAR-stability through a cellular factor tliat 
binds the coding region of uPAR-mRNA. Copyright 2003 Wiley-Liss, Inc. 
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Vascular endothelial growth factor expression correlates with matrix 
metalloproteinases MTl-MMP, MMP-2 aud MlVtP-9 in human 
glioblastomas. 

Munaut C, Noel A , Hougrand O , FoidartJM. Boniver J. Deprez m : 

Laboratory of Tumour and Deve]opmentBiology, .Universityof Liege, Liege, Belgium. - 

Vascular endothelial growth factor (VEGF) is the major endothelial mitogen in central 
nervous system neoplasms and it is expressed in 64-95% of glioblastomas (GBMs), 
Tumoui- cells are the main source of VEGF in GBMs whereas VEGF receptors (VEGFR- 
1, its soluble form s VEGFR- 1 , VEGFR-2 and neui-opiIin-1) are expressed predominantly 
by endothelial cells. Infiltrating tumour cells and newly-formed capillaries progress 
through the extracellular matrix by local proteolysis involving matrix metalloproteinases 
(MMFs). Recent studies have shown that VEGF expression and bioavailability can be 
modulated by MMPs. We reported previously that the expression of MTl -MM? in 
human breast cancer cells was associated with an enhanced VEGF expression. We used 
quantitative RT-PCR, Western blot, gelatin zymography and inununohistoche^istry to 
study the expression of VEGF, VEGFR-1, VEGFR-2, sVEGFR-1, neuropilin-1 MTl- 
MMP, MMP-2, MMP-9 and TIMP-2 in 20 human GBMs and 5 nonnal brains. The 
expression of these MMPs was markedly increased in most GBMs with excellent 
correlation between mRNA and protein levels; activated fomis of MMP-2 and MMP-9 
were present in 8/18 and 7/18 of GBMs. A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, with strong correlation between VEGF and MTl- 
MMP gene expression levels, and double immunostaining showed that VEGF and MTl- 
MMP peptides co-localize in tumour and endothelial cells. Our results suggest that the 
inteiplay between metalloproteinases and VEGF previously described in experimental 
tumours may also be operative in human GBMs. Because of its dual ability to activate 
MMP-2 and. to up-regulate VEGF, MTl -MMP might be of central importance in the 
growth of GBMs and represent an interesting target for anti-cancer treatments. Copvricht 
2003 Wiley-Liss, Inc. ■ 
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MTI-MMP, MMP-2, MMP-9 and TIMP-2 in a series of 20 GBMs 
and 5 nonnal brains. Using quantitative RT-PCR,. gelatin zyinog- 
raphy. Western blot and immunohistochemistry, we showed a 
strong cojrelatioiD between the expression of VEGF, MTl-MMP, 
MMP-2 and MMP-9 in GBMs. These results are in accordance 
with jMtivjous in vitro studies and add to the evidence of an 
interplay between VEGF and MMPs in the progression of human 
GBMs. 



MATERIAL AND METHODS 

Patients 

We studied 20 GBMs diagnosed at the Laboratory of Ncuropa- 
thoIogy-CHU Ucgc between 1997 and 2001. The series included 
17 primary GBMs (lc, no previous history of lower grade diffuse 
astrocytoma) and 3 secondary GBMs {i,e., previous history of 
lower grade diffuse astrocytoma). Clinical information on these 20 
cases have been reported previously as part of a larger series.^* The 
gender ratio was 1/1, and the age at time of diagnosis ranged from 
41-79 years (mean 56 yearsX Normal brain cortex and white 
matter were obtained from 5 patients with intractable epilepsy 
treated by partial temporal lobectomy. Histological examination of 
these speciinens showed severe hippocampal sclerosis; frozen tis- 
sue was sampled from microscopically nonnal inferior temporal 
gyri. Our study was approved by the Ethical Committee of the 
Faculty of Medicine of the University of Liege. 



UNA extraction and cDNA synthesis 

Total RNA was extracted from cryosections with RNeasy Mini 
Kit (QJAGEN GmbH. Hilden, Germany) acceding to the manu- 
facturer's protocol. Total RNA (1 |xg) was reverse transcribed with 
a ThermoScripl reverse transcriptase (ThermoScript RT-PCR Sys- 
tem. Invitrogen, Carlsbad, CA) and random hexamers aiS prirners. 

Primers 

: Primers pairs used in our study are described in Table 1. Primers 
for the VEGF gene were chosen to distinguish between YEGF,3^ 
VEGF,^. VEGF|45 and VEGF,^, mRNA isofonns. Intron-span^ 
ning primers and probes for the TaqMan system (primers for 
VEGFR-! {F)H),sVEGFR-l, VEGFR-2(KDR/Flk-l)andNRPl) 
were designed to meet specific criteria hy using Ptimer Express 
software (Perkin Elmer, Foster City, CAX All primers were syn- 
thesized by Eurogenlec (Lifegc, Belgium). The 5'- and 3'-end 
nucleotides of the probe were labeled with a Teportcr (FAM. = 
6-caTboxy-flu6rescejn) and a quencher dye (TAMRA = 6-car- 
boxy-tetramethylrhodamine). We conducted BLASTn (National 
Center for Biotechnology Information, Bethesda) searches against 
dbEST and the non redundant set of GenBank, EMBL, and DDBJ 
database sequences to conlirm the total gene specificity of the 
nucleotide sequences chosen for the primers. The specificity of the 
amplified PCR products was ccmfirmed ciihef by restriction digest 
• or by sequencing. The 18S ribosoma) RNA was measured using 
the Pre-Devcloped TaqMan Assay Reagents Endogenous control 
kit from Ai^lied Biosystems (Foster City, CA). 



TABLE I - SEQUENCE OF PRIMERS AND TaqMan FROBE^ USED FOR RT-PCR STUDIES 



Gene and accession 


Ft»it!on 


MMP-2 FP 


1740F 


MMP-2-RP . 


1964R 


NM_p04530 




MMP-9-FP 


1592F 


MMP-9-RP 


1800R 


J05070 




MMP-14-FP * 


1288F 


MMP-14-RP 


I508R 


NM_0CM995 




TlMPl-FP 


■ 78F 


TlMPl-RP 


245R. 


M12670 




TIMP-2-FP 


78F 


TIMP-2-RP 


245R 


NM 003255 




VEGF-FP 


1208F 


VEGF-RP 


I687R 


AH001553 




28S fRNA-RP 


12403F 


28S rRNA-RP 


126)4R 


U13369 




VECFRl-FP 


243SF 


VEGFRl-RP 


2516R 


VEGFRI Probe 


2469 


AF063657 




sVEGFRl-FP 


2209F 


sVEGFRI-RP 


2388R 


sVEGFRl Piobe 


2257 


U0n34 




VECFR2-FP 


79JF 


VECFR2-RP 


946R 


VEGFR2 Probe 


820 


AF063658 




NRPI-FP 


I83>F 


NRPJ-RP 


1942R 


NRPI Probe 


1883 


XM 034725 





Sequence 



Cycles 



5'-AGATCTrCrTCTTCAAGGACCGGTr-3' 
5VGGCTGGTCAGTGGCTTGGGGTA-3' 

5'-CCGGAGATTGGGAACCAGCrGTA-3' 
5' GACGCCCCrGTGTACACCCACA-3' 

5'-GGATACCCAATGCCCATTGGCCA-3' 
5'-CCATTGGGCATCCAGAAGAGAGC-3' 

5'-CATCCTGTrGTTGCTGTGGCTGAT-3' 
5'-GTCATCrrGATCTCATAACGCTGG-3' 

5'-CTCGCrGCACGTTCGAGGAAAGAA-3' 
5'-AGCCCATCTGGTACCTGTGGTTCA-3' 

5'-CCTGGTGGACATCTTCCAGGAGTA-3' 
5'-CTCACCGCCTCGGCTrGTCACA-3' 



5'-GTTCACCCACTAATAGGGAACGTGA-3' 
5'-GATTCTGACTTAGAGGCGTTCAGT-3' 

5'-TCCCTTATGATGCCAGCAAGT-3' 

5'-CCAAAAGCCCCTCrrCCAA-3' 

y-CCGCGAGAGACrrAAACTCGGCAAATCA-3' 

5'-ACAATCAGAGGTGAGCACTGCAA-3' 
5'-TCCGACCCTGAAAG1TAGCAA-3' 

5'-TCCAAATTTAAAAGCACAAGGAArGATrGTACCA03' 

y-CTTCGAAGCATCAGCATAAGAAACT-3' 

5'-TGGTCATCACCCCACrGGAT-3' 

5'-AACCGAGACCT.AAAAACCCAGTCrGGGAGT-3' 

5'-CACAGTGCAACAGCTGATGAdTC-3' 

5'-AACCATATGTTGGAAACTCTCATTCT-3'. 

5'-CCACAGAAAAGCCCACCGTCATAGACA-3' 



225 bp 
208 bp 
221 bp 
168 bp 

155 bp 

479 bp 
407 bp 
347 bp 
275 bp 
212 bp 

79 bp 
180 bp 

156 bp 
112 bp 



33 

37 

32 . 

33 

30 

33 

19 
40 

40 

40 

40 
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VEGF VEGFRl sVEGFRI VEGFR2 NRP 

,JL?^ Ir.^^^ VEGFiecepIors mRNA quaurification: scnt- 

1. V DW A*^'^"'r"- Nonnal biain (blacJc spots) and GBMs (white 

KL?^ 1^.^'^''/'?^"^** ^ normalized values (as described 

^^.1^1^"^ ^f"^'- ^ ^^'^^ ""^^^>- Each point xepre- 
scnts the mean of 3 separate experimeiits. 

End point quantitative FCRfor MTJ-MMP, MMP-2 MMP-9 
TmP'2 mRNA ami VEGF mRNA isoforms 

MT>MMP, MMP-9. TIMP-2 and VEGF mRNA iso- 

forms (VEGF,35^ VEGF.^,. VEGF,,^ and VEGF,,,) were mea- 
sured in 10 iig aJjquots of cDNA using Taq polymerase (Takara, 
i>h)ga, Japan) and 5 pmol of each piimeis (Table 1). The tbcnnal 
cychng conditions included 2 min at 95X for denaturation and 
i^e" i^f ^ 3< ^^^'C 20 sec at 66X and 20 sec at 
7000 ^^J^ VEGF isofonms) with a final incubation 2 min ai 

- . ? Products were resolved on 2% Nusieve 3: J aParosc 
gels (B,oWh)tlakei. Rocldand, MD) and analyzed using a Ruor-S 
Mullilmage, (Bio^Rad, Hercules, CA) after ethidium bromide 
staining. Specific mRNA levels were expressed as the ratio of 
specrfic tmnscripts/28S transcripts. Experiments were repeated at 
least J rimes in duplicate. 

Real-time quantitative FCRfor VEGFR-}, sVEGFR-J VEGFR~2 
and NRP} mRNA 

w^^^iJl™^ quantitative RT-PCR analyses for VEGFR- 1 
sVEGFR-l. VEGFR-2, NRPl mRNAs and^SS rRNA were cj-' 
rjed out using ,be ABJ PRISM 7700 Sequence Detection System 
mslroincnt and software (PE Apphed Biosystems). The sequences 
01 the PCR pnmer pairs and fluorogemc probes that were used for 
each gene arc shown in Table J. A standard curve was generaled by 

* P*^""*' ^^^^ ^^"ge of 

iU,000- 80 no and was run in duplicate during every experiment 
hor each expenmeniaJ sample, ihe amount of target gene was 
determined from this standard curve. The relative expression level 
of the target gene was nonnalized against I8S rRNA lo compen- 



^JlxT w ^ the amounl of input 

cDNA descnbed l^^e manufacturer PE Applied Biosystems 

^^LJ^"^^"* ^ ^'^^ the TaqMan Uni- 

''^'^fl ^ (Applied Biosystems) using 5 jtl of diluted 

total RNAX 200 nM of the probe, and 
400 nM pnmers in a 25 p.1 final leacrion mixhirc. After a 2 min 
mcubatjon at 50X to allow for UNO cleavage, AmpliTaq Gold 
was activated by an incubation for 10 min at 95X. Each of the 40 
PCR cycles consisted, of 15 sec of denaturation at 95X and 
hybridization of probe and primers for 1 imn at.60*C. 

To confirm amplification specificity, the PCR phxhicts were 
also examined, by subsequent 2% agarose gel electrophoresis, 
bxpenroenis were repeated at least 3 limes in duplicate. 

JmmunohistochemisJry for VEGF and MTJ-MMP 

Sections (4 ^m thick) were cut from formalin- fixed, paraffin 
embedded tumour tissue. TTiey wcrc hydrated through graded 
alcohols and mcubated in H^O^ (0.3% 15 min). Sectionrwere 
autoclaved for II min at 126X in citrate buffer pH6 for anbgen 
retrieval (Dako, Glostnip, Denmark). Fof double immunoslainL 

JS^WA^f l^'f^^lf^ P"^^ monoclonal Ab anti-Mri- 
Mm> (AM) 1:100 (Oncogene Research Products. San Diego. 
CA) followed by peroxidase- conjugated EnVision (DakoX Imi^u- 
noreacuvity was visualized with 33'diaminobenzidinc (DAB+ 
™' f^^T^fo were then incubated with polyclonal Ab anti-' 
VEGF :150 (Santa Cruz. Santa Cruz. CA) for 1 h^ at room 
^mperature followed by alkaline phosphatasc-conjugatcd En- 
Vision (Dako). Immunoreactivity for VEGF was visualized with 
Fast Red chrornogcmc substrate (Dako). Single immunostaining 
was also earned out on serial sections using each primary antibody 
^onc wrih the conesponding cnzymc-chromogenc combination 
Negative controls were obtained by omitting the primary antibod- 

Gelatin zymography assay 

MMP-2 and MMP-9 activities were quantified by gelatin zy- 
mography on 2 normal brains and 18 GBMs. Ten cryosections (10 
M.M) were homogenized in buffer (0.1 M Tris-HQ pH 8.1. 04% 
Triton X-lOO) and cenlrifiiged for 20 min al 5,000^. The Mlleis 
were discarded. 25 ^g of total protein from homogcnate supcma- 
larits were mixed with non reducing sample buffer (62.5 mM 
Tns-HCl pH 6.8; 2% SDS; 10% glycerol; 0.1% bromophcnol 
blue) arid electrOphorcscd directly on 10% SDS-polyaci^lamide 
gels (SDS-PAGE) containing 0.1% gelaun (w/v).32 After electro- 
phoresis, gels were washed for 1 hr at room lemperanirc in a 2% 
(v/v) Triton X- 1 00 solution to remove SDS. transfened to a buffer 
(50 mM Tris-HQ, pH 7.6, containing 10 mM CaQ,) and incu- 
bated for 18 hr al 37<'C. Gels were stained for 30 min with 0 1% 
(w/v) Coomassie brilliant blue G250 in 45% (v^) mel])anoyiO% 
- (v/v) acetic acid and dcstained in 10% (v/v) aceUc acid/20% (v/v) 
methanol. Gels were analyzed with Quantity One software (ver- 
sion 4.2.2. Bio-Rad Laboratories. Hercules, CA) after densilomei- 
nc scannmg of the gels using a Fluor-S Multimagcr (BioRad). 

Western blot , 

I P'*^'^'" "^""'^ analyzed in 2 normal brains and 

I ri^h. !"^" »^e> "^'^^d wit^* 5/2 sample 

buffer [0.25 M Tris (plI6.8), 10% SDS (w/v). 4% sucrose (v/v), 
5% P-mercapioelhanol (v/v) and 0. 125% bromophenol blue (w/v)] 
and boiled for 5 rrun. They were separated on 10% SDS-PAGE 
gels and transferred to a PVDF filter (NEN. Boston, MA) After 
blocking wiih 5% milk (iv/v), 0.1% iween 20 (w/v) in PBS for 2 
hr al room tempeiature. membranes were exposed to the primary 
antibody (10 ng/ml. clone II3-5B7. Ab-4. Oncogene Research 
Products. San Diego. CA) ai 4X overnight followed by incubation 
wrth a horseradish peroxidase-conjugaled rabbit anti-mouse anti- 
body (T3 jig/nil. Dako. Glostrup, Denmark). Signals were de- 
lecicd wiih an enhanced chemoluminescencc (ECL) kit (NEN. 
Boston. MA). The relaiive intensities of the immunoreaciive bands 
were analyzed wirh Quaniity One software (version 4 ? 2 Bio-Rad 
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Figure 2- MMPs and 'nMP-2 mRNA qnantifica- 
lioD. (o) Representative 2% agarose gels of RT-PCR 
products for MTl-MMP, MMP-2, TlMP-2 and 
MMP-9 in 2 nonnal brains (NB) and 10 GBMs. {b) 
Scatter plots (as described in Fig. I), Experimeot was 
repeated at least 3 times in dujdicate. 



Laboratories) after densitometric scanning of the X-ray filnns using 
a FluoT-S MuJtimager (Bio-Rad). 

Statisiics 

VEGF, -VEGFRs, MMPs and nMP-2 expression, values in 
GBMs were conreJated using Spearman's test. Correlation was 
considered significant for 2-tailed p-value < 0.05. Statistical anal- 
ysis was carried out using ibe Prism 3.0 software (GraphPad, San 
Diego. CA). 

RESULTS 

Expression of VEGF and VEGF receptors 

VEGF mRNA was present in normal brains (295-375, arbitrary 
units; mean 322) and in all GEM samples (217-5,1 12; mean = 
1,774) as reported previously (Fig. l).^' In most GBMs, VEGF 
mRNA levels were raised 2- 15- fold above normal brain values. 
The most abundant isoform in all cases was VEGFj^^j, followed by 
VEGF,j„ VEGF,39 and VEGF,^^ {data not shown). VEGFR-1 
expression was found at similar levels in GBMs (89-357; mean = 
182) and normal controls (154-198; mean = 181). There was no 
correlation between VEGFR-1 and VEGF mRNA levels (;? = 
0.35) in GBMs. VECFR-2 was expressed in all GBMs (48-582; 
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mean = 210) and in 8/20 cases at least twice normal values 
(87-^111; mean = 103). VEGF and VEGFR-2 expressions were 
correlated significanUy (p = 0.0035) in GBMsJ NRPl expression 
varied broadly between GBMs (75-3^60; mean = 1,061) con- 
trasting with a constant baseline expression in norma! controls 
(383-397; mean = 390). In tumours, NRPl correlated wiA 
VEGFR-2 ip = 0.0119) but not with VEGF (p = 0.084X dot 
VEGFR-1 ip = 0.066). sVEGFR-l was expressed at low levels 
both in normal brains (84-92; mean = 87) and GBMs (25-208; 
mean = 101). sVEGFR-l, however, was found to correlate with 
VEGFR-) (p = 0.0289). VEGFR-2 ip = 0.0029), and NRPl (p - 
0.0027) but not with VEGF (p = 0.053). 

Expression of MMFs and TJMF-2 

MTl-MMP, MMP-2 and MMP-9 were expressed in both nor- 
mal brains and GBMs but at much higher levels in the latter (Fig- 
2fl). MTl-MMP mRNA levels were constantly higher in GBMs 
(34-202; mean = 106) than in normal controls (3^29; mean - 
15). MMP-2 and MMP-9 mRNA levels were higher than controls 
in 18/20 and 1 4/20 cases respectively (Fig. 2 fr) and correlated with 
each other (p = 0.0187). MTl -MMP.mRNA levels correlated with 
MMP-2 ip - 0.0008) and MMP-9 (p = 0.005). TIMP-2 had a 
non- discriminative distribution in relation to the controls. TlMP-2 
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F^GUJiE 3 - Zymographic analysis of MMP-2 and MMP-9 in tissue 
extracts Cither from noima) brain W or GBMs (GB). Medium con- 
d|boned by human irriOSO cells was included as posirite con^Tt 
P^jsiuons of pro^MMP-9, MMP-9, pro.MMP.2 and MMP-2 are S 



i t??^ 4-Wcslcni Wot analysis asing the ab4 antibody (clone 
ra^^against the catalytic donSin of MTjliMP^Sn 
ex^acts from MTJ-MMP transfecled A2058 cells (done Sl?"^wS^ 



AND TII^,2 EpRESSED AS p VALUES ^ENYEd" 
FROM SPEARJvl^j?s TEST 



MTIMMP 



MMP-2 



TABLE 1 



MMPS IN NORMAL BRAIN AND GBMS* 



VEGF 

VEGFR-1 

VEGFR-2 

NRPJ 

sVEGFR-l 



TIMP-2 



Cchim zymograpby 



0.0250 

0.0073 
<0.000l 
0.0053 
0.0313 



0.0245 
0.0710 
0.0J68 
0.1334 
0.0469 



. 0,0053 
<0.0001 
0.0004 
0.2457 
0.0J94 



0.0094 
0.4542 
0.0153 
0.5480 
0.2563 



proMMP-9 


Nl 


0.41 


N2. 


0.28 


GBl 


9.00 


GB2 


4.28 


GB3. 


1.67 


GB4 


1.40 


GB5 


0.47 


GB7 


5.29 


GB8 


5-75 


GB9 


5:02 


GBI2 


5.08 


GBI3 


6.86 


GBI4 


5.59 


GB15 


8.00 


GBJ6 


5.55 


GB)7 


6.61 


GB18 


14.79 


GB20 


18.85 


GB21 


16.52 


GB22 


20.66 . 



MMP9 




MMP-2 


0.00 


1.52 


0.00 


0.00 


0.83 


0.00 


1.25 


2.45 


0,35 


0.00 


2.88 


0.09 


0.00 


2.86 


0.00 


0.00 


4.33 


0.03 


0.00 


1.15 


0.00 


0.00 


1-12 


0.00 


3J8 


4.63 


0.65 


0.00 . 


4.09 


0.00 


0.00 


4.79 


0.20 


4.58 


4.93 


0.48 


6.75 


5.53 


0.76 


0.00 


5.13 


0.00- 


IJO 


5.66 


0.00 


2.04 


6.00 


0.00 


4.34 


8.20 


0.40 


0.00 


2.12 


o;oo 


0.00 


2.37 


0.00 


0.00 


5.11 


0.00 



'Extracts expressed as arbitrary units N 
blasfoma; ND, not determined. 



. Wejttni t>Iot 
MTI-MMP 

0.44 

0.47 

1.58 

0.47 

0 

0 

ND 
0 

0.55 
0.45 
3.18 
U5 
0.94 
ND 
2.50 
0. 

1.97 
0 

ND 
0.86 



normal brain; GB, glio- 



oJI^-^^Tk'!"- MJ'-MMP (p = 0.0019) and MMP.2 (p = 
0.0002) but DOI wiih MMP-9 (p = 0.1408). 

and'-MMp.^'^"" '^Tl-mPpmeir, and acivced MMP.2 

By gebUn zyroography. pro-MMP-2 and pro-MMP.9 we,e de- 
jeccd m ite 18 GBMs and 2 consols examined (F.g. 3. Tab e U) 

x^.'^ <^"'=>'"'='' »ilb Ihrir respccfive mRNA 

MMP.2 and MMP-9 we,, oo. found in „onno) brain. By con.rasV 

GBMs and 2 noimal brains (Fig. 4, Table D). They we.e sio„ifi. 



fn -'o ^« ^y??S'»?-*=rived aciivmed MMP-2 levels 

(p - 0.0226) but not with acUvated MMP-9 levels fo = 0 06) 
Wesung^, MTJ-MMP proiein and mRNA levels werr co^^-" 
laled s,gmfica„Uy (p = 0.089). arguing for a predominaBtly tran- " 
scnpliooal regulatioD in GBMs: ■ . ' 

Correlation between VEGF network and MMFs 

MTI-MMP. MMP-2. MMP-9 and TIMP-2 (Table ni). .n>ere was 

ImT^I^'^^ZJ^'"""' "^^P expression and MTI- 
MMP, MMP-2 and MMP-9. A similar correJation was also ob- 
served between VEGFR-2 and MMPs. Jntereslingly TIMP-2 ex- 

•"[^^ wJ^n VEGF and VEGFR.2 bui not wiih 

other VEGF receptors. 

immunohistochemistryfor VEGF and MTI-MMP 

VEGF immunoreactiviiy . was shown in both tumoiir and endo- 
Ihehal « prc^oously reported (Fig. 5aJ>)?* By single immu- 
nostammg. MTl-MMP was detected in glioblastoma cells as a 
diffuse cytoplasmic staining (Rg. 5c^. lyJTl-MMPpositivity was 
also seen m endothelial cells and perivascular cells (Rg 5c). By 

x^Vf^.x'i^l'-^^^^^^ co^localizalion of VEGF 

and^MTl-MMP in the cytoplasm of oumerous tumour cells (Fig. 



DJSCUSSJON 

GBMs are highly malignant tumours with poor prognosis. They 
Vprp"!Tvrr^^i°^'''*'"*''' P^*>«^"^»ion and express high levels of 
vi:or. VbCrF IS a strong mitogen for endothelial cells thereby 
promonng angio-cnesis. Previous repons^?-?^ have suggested that 
VEGF also stimulates tumour cell invasion, migration and survival 
m malignant epithelial cells throt.gh an autocrine loop by which 
overexpiession of MMPs induces VEGF secretion and leads to 
subsequent amplification of cell proliferation and protection 
agamst apoptosis We and others rcponed previously thai in human 
rnelanoma and breast carcinoma cells, MTl-MMP upregulaies 
VEGF expression whereas TJMP-2 reduces il ^8.^9.35 Therefore the 
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FtGUKE 5-lmnJunoJBSiocbeims- 
By (scale bar 50 runX (o^) VEGF 
po»tivc tumour and emloihdia) cells 
(plain anows) show giamilar red 
st^ng of the cyto^aaa Negalivc 
cells (empty airow) arc seen in their 
close vicinity, (c) MTl-MMP posi- 
tive cells show a stiong brown cyto- 
l^asmic stoning. TTicy include to- 
mooss cells {plain anow) and 
endolhelial cells, (empty arrow), (d) 
Wrri-MMP posilivc tumour ccDs 
(plain arrow) arc mixed with ne^ 
live cells (empty arrmv). {ej) Double 
signing with VEGF (red) and MTI- 
MMPI (brown). Double positive to- 
iT>our ceDs (plain arrows) contrast 
wth negative or single weakly pos- 
itive cell (empty arrow). 



pericellular proteolysis roediajcd by MTl-MMP in GBMs could 
also induce an aulocrihc loop resulting in enhanced VEGF expres- 
sion. In tuni» VEGF could act as a paracrine factor on endothelial 
cells to stimulate angiogenesis. or possibly as an auiocririe factor 
promoting gJioblasloma cells surt'ival- migration and invasion as 
demonstrated recently in the various tumour cell culture models. 

We compared ihe expression of VEGF and its recepiore with 
MTl-MMP, MMP-2 and MMP-9 in 20 GBMS and 5 normal brains. 
The expflression of these MMPs was maiKedly increased in most 
GBMs with excellent conrelation between mRNA and protein levels. 
MTl-MMP expression has been shown previously lo correlate with 
glion^ aggressiveness and its transfection in different tumour cell 
lines triggers an angiogenic phenoiype and promotes mmo\u 
growth.^8-^-^-3.* A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, with a strong correlation 
between VEGF and MTJ-MMP gene expression levels. Double in> 
munostainiDg studies showed co-expression of VEGF and MTl- 
MMP by the same tumour cells. These data suggest that the transcrip- 




tional coDtrrf of VEGF by MTl-MMP couJd be operative not only in 
vitro but also in vivo in human GBMs. 

MTl-MMP could also promote the growth of GBMs by its 
ability to activate MMP-2 in the preser»ce of low conccnlrarion of 
TlMP-2.'*'* ProMMP-2 activation occurs after the fonrDalion of a 
ternary complex thai contains pro-MMP-2 linked lo cell surface 
MTl-MMP via a TIMP-2 bridge. In accordance with this hypoth- 
esis wc found that MMP-2 activation occuned in 8/1 8 of our 
GBMs2o-» araong which 7n tested for MTl-MMP showed lugh 
contents of this protease. . 

Activated MMP-9 was also found in 7/18 of our GBMs. ™s )S 
an interesting finding as active MMP-9 is able to mobilize VEGF 
from its ECM resei^oir.^? Therefore, MMPs could promote 
VEGF-mediated angiogenesis in GBMs by both transcnpt»onal 
(MTl-MMP) and post translational (MMP-9) mechanisms. 

VEGF binding to VEGFR-2 triggers the proliferation and mi- 
gration of endothelial cells whereas its binding to VEGFR- 1 has 
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mRNA levels were correlated wiih VEGFR-2 bui not VEGFR-J, 
NRPl and sVEGFR-1. CoJIectiveJy our data suggest that GBMs 
^spby a sp^,fic and complex pattern of VEGF receptors, trans- 
duang VEGF signalmg toward cell proliferaiion and migration 

in conclusion, our study adds.to ihe evidence for an inlerplay 
between mctall^^roicmases and VEGF in human GBMs as prcv^ 
ously documented in eipeiimental tumours. Because irf-its dual ability 
to acuvaie MMP-2 and to ujpMcgulaie VEGF, MTl ^MMP might be of 
central importance ;n the growth of human gKobJastomas aiS} lepre- 
sent an interesting target for anti-cancer treaUncnts. 
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DNA hypermethylation is a mechanism for loss of expression of the HLA 
class I genes in human esophageal squamous cell carcinomas. 

MeY, YangG. SongY, ZIjmX, SoC, 

Laboratory for Cancer Research, College of Pharmacy, Rutgers-The State University of 
New Jersey, 164 Frelinghuysen Road, Piscataway, NJ 08854-8020, USA. 

TTie three human leukocyte antigen (HLA) class I antigens, HLA-A. HLA-B and HLA-C 
play important roles in the elimination of transformed cells by cytotoxic T cells Frequent 
loss of expression of these antigens at the cell surface has been observed in many human 
cancere. Vanous mechanisms for post-franscriptional regulation have been proposed and 
tested but the molecular mechanisms for transcriptional regulation are not clear We show 
by immunohistochemistry that the HLA class I antigens are absent in 26 of 29 (89%) 
samples of human esophageal squamous cell carcinomas (ESCC). Eleven of the 26 ESCC 
samples lost mRNA expression for at least one of the HLA genes, as shown by RT-PCR 
DNA from the 29 pairs of ESCC and neighboring normal epithelium were examined for' 
CpG island hypermethylation, homozygous deletion, microsatellite instability (MSn and 
loss of heterozygosity (LOH). DNA from normal epithelial tissues had no detectable 
methylation of the CpG islands of any of these gene loci. Thirteen of 29 ESCC samples 
(45 /o) exiufaited methylation of one or more of the three HLA loci and six samples (21%) 
exlub.ted methylation of all three loci. The HLA-B gene locus was most frequently 
methylated (38%). HLA-B mRNA expression in an ESCC cell line, where HLA-B was 
hypermethylated and did not express mRNA, was activated after treatment with 5-aza-2'- 
deoxycytidine. Homozygous deletion of tliese three gene loci was not observed 
Relatively low rates of LOH and MSI were obseired for the microsatellite markers 
. D6S306. D6S258, D6S273 and D6SI666, close to the HLA-A, -B and -C loci, although a 
high ratio of LOH was observed at a nearby locus (represented by the markers D6S 1 05 1 
and D6S1560), where tiie tumor suppressor gene p21(Wa.fl) resides. A strong correlation 
between genetic alterations and mRNA inactivation was observed in the ESCC samples 
Our results indicate that HLA class I gene expression was frequently down-regulated in 
ESCC at both the protein and mRNA levels and that hypermethylation of the promoter 
regions of the HLA-A. -B and -C genes is a major mechanism of transcriptional 
inactivation. 

PMID: 1 1577000 [PubMed - indexed for MEDLINE] 
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Molecular and immunohistochemical analysis of HEU2/ncu oncogene in 

synovial sarcoma. ^ 



^f^n h ? , "verexpressmn of HER2/neu have been documented in many types 

of ep.ihe!,al txamor and recently has been reported in sarcomas, particularly in 
osteosarcomas. But tlie role of FrER2/neu alterations in soft tissue tumors remains oooriv 

patients w th synovial sarcoma (SS). In tliis study, HER2/neu mRNA levels were 
measured m frozen tissue samples using a real-time reverse transcription pol^erase 

l^n^lT^T'r T"""" ^""^^'^ — ohistochemis"^ „g an 
^rlr , ,P r ^"^^'etal muscle specimens y,7e usi tf 

ToS^ .tt: Ssf ^'''^n ^anscripts'were deS S ' 

evrlborL 1 r °f ' "'"^ demonstrated HER2/neu mRNA 

overexpr'l^r^^^ '^^^^ ^^^"^"^ ''*^P'^y«<i HER2/neu protein 

overexpresston. Both membranous and cytoplasmic patterns of immunostaininp were 

HBR2/neuoverexprLS^^ 

expressed m SSs and that both membrane and cytoplasmic HER2/neu expre skm 
corrdaew.thml^Alevels.Ourresul^^ 

HER2/neu m SSs ,s associated with a more favorable clinical course Further sl^,dies le 
T.Z"IIor ^'^'"^"^ -gi-ens for this 
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Molecular and Immunohistochemfcal 
Analysis of HER2/neu Oncogene in Synovial 
Sarcoma 



PAOLO GIOVANNI NUCIFORa MD, CATERINA PELLEGRINI PmH 
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docmnemed m many lypes of e|>itheli=j tumor and r«enlly b« beo. 
r^rtcd in ^com«, partfcul^jy as.eosarcom3.. But the role of 
HER2/„« :Jlcr3t.ons u. sofi tissue r«„«>rs remain, poorty imdei. 
siood. Tins the present smdy mvestigales the expression of HER2/ 

ce« mRNA levels ^e measured In frozen.U^ sampll usfa, a 
rcal-tm.e re^n^: transcripdt>n-polymerase chain reaction a^ pr^ 
1™^"^"*"" "^"^"^ »>r in^xnunohiflocbemistry min» an Li- 
HER2/Deu polyclonal anribbdj.. S« normal dceletal muscle speci. 
me^ were used ,o estaWisb basal levels of >IER2/nei. mlS^ 
HER2/neu ,xanscrip« were detected in aU normal dssues and SSs. 
Four of 13 sarcomas (3J%) demonstrated HER2/neu mRNA levels 
=.bove U.e mean value, ^ereas 3 rumor, (13%) cfisplayed HER2/neu 
protem overexpression. Both membranous and cyloplaamc panels 
of uumunostauung were obsen^ed, and a strong correlanW was 

tumo^/Zr' '"'"'^'^r ^ ^Sgrcssivc soft lissv^e 

tumor thai accounts for up to 10% of sarcomas, with a 
peak mcidencc m adokscci^ts and young aduils. This 
umor occurs m 2 major for^s, biphasic and monoph J 
'\\\^'''^^^^'^<=^ characterized by the t(X; 
ISKpll qU) iranslocation/found in >95% of cases 
AJlhough tradiUonaUy considered lo be a high^rade 
neoplasm, recent investigations have suggested that dif- 
ferent factors mfluence prognosis, including morpho- 
ogicaJ a^d cytogenetic features, treatment strategies 
the ploidy status, and the apoptotic index ' ' 
The development of new Dierapeulic advancements 
5uch as Lhe specific Lugeting of moIecuJar aiteratjom 
present m human malignancies, has broyght to light the 
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. bow^ protein «p'™»n :u.d rflNA JeTrf y. = ».oi). 

Oo, dau Hnj2/o.» « «p,««l In SS. »d 

boO, membna>e Dud cylophanic JIEM/n„ oprtaioD tomjale 

^.b of HHR V-eu „ SSs k »«„ci,,cd ^O, , J 

Xg, fF«J,. HER J/Deu, s,™,vi>l surom;^ «aWn>. RT-PCR, in>. 

munohisiDcbemistry. ' 

reverse ^raoscr.pdon^lyn.erase chain reaction, SS, synovial sarcoma.' 

need to identify not only prognostic factors, but also 
tumor features that arc predictive of response to therapy. 

One of the most extensively studied moJecnlar 
I^^'mpp'J/ '''P^ H£R.2/neu protoc^ncogene. 

lhe HER-2/neu oncogene (also known as c-erbB-2) 
located on chromosome I7q2l, is a member of ihe 
OTOsine kmase receptor family and encodes for a 185- 
kilodaUon protein that shows 50% homology with the 
epidermal growth factor receptor.^-^ Tliis gene is am- 
plihcd.and/or over expressed iri~20% to 30% of breast 
caronomas - and in various other tumors.\'ind usually 
IS assooaled w,th tumor aggressiveness and poor pro/- 
o'. ^"^'^ supported the value of 

Ht.K-2/neii lo predict the response to chemotherapy in 
bieast jancer and the use of recombinant humanized 
antibodies to ffER.2/neu protein (Tostu7umab) in tf»e 
care of patients .vith advanced, met.-«.^,ic breast tumors 
has been approved. 

The role of HER-2/neu activation in soft tissue 
tumors remanis poorly understood, and scaice molec- 
uiaj data backmg immunohisiochcnical studies have 
been reported. fiEk-2/neu protein e.^pre^,.ion wa. 
.nnnoh,s(ochemir;dly studied in 20'I saicom:L. in.lnd- 
n)g b S&, and ovcrexpression ^vas absent in all these 
malignant mcsench^-maJ ncopla^Mjis 

Recently, HtR-2/neu altciarions have been d<- 
5crjbed ni oMerxsarcoma, ^Wih a iiigh imi.lence o/ pro- 
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TABLI I. Clinicopathdogic Features of 13 Patients With SS 



No. 


Agc(y)/G 




Subtype 


Surgery 


Ch cm o/Radio 


Rcc 


Mcts 


HER2 


FU<roo) 
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i&8/F 


KI 


MF 


RR 


No 


Yes 


Yes 


L 


108 


2 


71/F 


KE 


■ BF 




No 


No 


No 


L 


12 


3 


27/M 


Kl 


. BF 


ME 


Yes 


Yes 


Yes 


L 


24 


•J 


39/M 


T 


MF 


WE 


Yes 


No 


No 


H 


48 
48 


5 


15/M 


N 


MFJ>D 


WE 


Yes 


No 


No 


H 


6 


41/F 


F 


MFJ»D 


WA 


Yes 


No 


■ No 


H 


48 


. 7 


57/F 


KI 


MF 


WA 


No 


N/A 


N/A 


L 


N/A 


8 


48/M . 


. F 




ME 


Yes 


Yes 


No 


L 


35 


9 


21)/F 


T 


PD 


WE 


Yes 


Yes 


Yes 


L 


36 


10 


?7/M 


KE 


BF 


WE 


No 


No 


No ' 


H 


24 


n 


62/F 


A 


MF 


WE 


No 


Yes 


No 


L 


24 • 


12 


62/F 


F 


MF 


AVA 


No 


No 


No 


L 


2 


13 


34/F 


L 


MF 


RR 


No 


No . 


No 


L 


2 



Abbreviations: Age, age at diagnosis; G,. gender, M. roaJc; F, female; Siie, anaromic location; Kl, knee, intra-articulajr; KE, knee, 
extra-articular; T, thigh; R neck;. F. foot; A, arm; L, leg; Subtype, histological subtype; MF, roonophasic fibrous; BF, biphiic; MF-PD, 
monophasic fibrous with, poorly differentiated areas; BF-PD, biphasic with poorly differentiated areas; PD. poorly differentiated; Surgery^ 
primary surgical therapy; RR, radical cn bloc resection; WA. wde through-bone aroputarion; ME, marginal en bloc otcision; W^-^widc en bloc 
excision; Chemo/Radio. adjuvant postc^erative cbcmoiherapy and/or radiotherapy; Rcc, reeurrcncc; Mcts, presence of metastasis; HER2, 
HER2 mRNA cjiprcssion; L, lav* expression; H, high expression; FU, follow-up status; N/A, not avaiblc. 



tein expression, ranging from 42% to 61 %."''^ Indeed, 
despite limited information on Her2/neu in this type 
of malignancy, based mosOy on immunohistochemicaj 
findings, 2 clinical trials of Trastuzumab have been 
initialed for recurrent and mctastaiic osteosarcoma pa- 
tients (hitp://www.cancer.goT/clinical_trials: MSKCC- 
99097/NCJ-T9&O083 and COO-AOSTOl 21 ) . 

Ttierefore, we evaluated the mRNA expression and 
the gene product of HER-2/neu in 13 SS patients using 
real-time reverse transcription-polymerase chain reac- 
tion (RT-PCR) and immuriohistochemisiry. To tfie best 
of our knowledge, this is the first report documenting 
increased levels of HER-2/neu mRNA and protein 
in SS. . 



MATERIALS AND METHODS 

Potient Populotion 

Thirteen patients with primary SSs, obtained from the 
files of the Department of Pathology, Caetano Pini Orthope- 
dic Institute, were included in this study. Cases were thoseo 
based on the availability of froien primary rumor. Patient age 
ningcd from 15 to 7l years (mean, 44.6 year^). Anatomic siies 
inchjdcd the Xncc (5 patients, 3 intr^-anicular). thigh (2 
paiicnts). foot (3 patients), arm (1 patient), neck (1 paiient), 
and }owcr }cg (1 patient). The histologics} subt^-pcs »»er<- 3 
biphasic (BF), 6 monophasic fibroxis (MF), 2 monophasic 
fibiom with pooily diffeicmiaied areas (MF-PD), 1 biphasic 
iviih pooily differentiated areas (BF-PD), and 1 poorly diffci- 
cntiDted (PD). Clinical staging was IIB for all ihc patients. 
Local surgical excision was performed in 9 parients; amputa- 
tion, in 4 panenis. Recurrence was observed in 5 cases Vnb 
sub-'.eijutni .-irnputntlon (3 patients) and local cscis\on.{2 
paticnu;). Metastasis occtmcd lo lung (2 patients) and ingtii- 
nal lymph nodes (1 patients). Five patients received adjuvarjt 
posiopeiaijve cbcmoiherapy, and 1 patient (case 4) ^^^ns 
ueaied v^iih chemoihtrapy aisociated vriih radioiherjpv. Fol- 
low-up ranged fiom 2 to 108 months (mean, 34.3 monihs). 
Oinlcop.'iihologic data are simimaiized in Tabic 1. 



Pathologic Studies and Frozen Tissue 
Selection 

In all cases, the primary tumor was available for study. 
Surgically resected tumor tissues were partly snap-frozen in 
liquid nitrogen and stored at -80°Cfor RNA extraction, and . 
partly fixed in buffered formalin and embedded in paraffin 
bloclts. Hematoxylin and eosiri-stained sections were rc-cvaJ- 
uated and graded according to FNCLCC grading systejn.'® 
Frozen tissue blocks were handled as follows: 4-/nhick frozen 
sections were cut and stained with hematoxylin and cosin to 
determine the percentage of tumor cells present in the spec- 
imen. We used tissue blocks v>nth tumor cells comprising 
more than 80% of the specimen. About 10 20-|i-ih)ck sections 
were collected into Eppendorf rubes. Another 4-;i-ihick fro- 
2en section was cut after the serial sections and examined by 
light microscopy to guarantee the percentage of tumor cells 
collected. Trizol (Life Technologies; Gibco BRL, Gait he rs- 
burg, MD) was used for RNA extraction, according to the 
manufacturer 5 protocol. RNA was quantified spcctrophoto- 
metrically. 



cDNA Synthesis 

Total RNA (200 ng) was re verse- transcribed in a total 
volume of 50 ;iL containing ] X Taq.Man buffer, 5.5 mnrol 
MgClj, ] mmol deoxynucleoiides, 2.5 fimol random hcxam- 
ers, 20 U RNase inhibitor, and 62.5 U MuLv reverse transcrip- 
tase. The samples were incubated at 25''C for 10 minutes, 
48''C for 30 minutes and OS^C for 5 minutes. 



PCP Amplification 

Amplification reactions were performed the Univcr- 
.o) Tatj.Mnn 2 X PCR master mi.^ in a volume ol 25 ^iL corr- 
taining 300 runol of each primer, 100 nniol of probe, and 5 
of cDNA: Both p-actin and llER2/neu amplilicaiioh were 
done in duplicate for each sample. 

The thermal cyclint; conditions included 2 rninvues at 
SOX and 10 minutes at iis'Q followed by 40 cycles of 95^C for 
15 seconds and BO^C for 1 minute . /VII reagents used for 
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RT-PCR wrrc purchased from Applied Bios>BicTn5 (Foster 
Gty, CA). 

Primefs ond Probes 

Primers and probes tot ^actin and HER2/ncu mRNA 
were chosen using the computer program Primer Express 
(Applied Biosysiems). Sequences of the forward primer for 
HER2/ncu mRNA (GenBank accession number X03363) 
were 5'-TCC TGT GTG CAC CTG GAT GAC3' and the 
reverse primer 5'-CCA AAG ACC AGO CCC AAG A-3*; the 
sequence of the TaqMan probe was 5*(FAM)-ACC AGA ATG 
CCA ACC ACC GCA GA-(TAMRA)-3'. Sequences of the for- 
ward primer for ^^actin mRNA (GenBank accession number 
X00351) were S-TCC TTC CTG GGC ATG GAGES' and the 
reverse primer 5'-AGG AGG AGC AAT GAT CTT GAT CTT- 
3*; the sequence of the TaqMan probe was57FAM)-GCT GTG 
GCA TCC ACG AAA CTA CCT TG{TAMRA)3'. Probes were 
purchased from AppKcd Biosystems. 

ReoHinne RT-PCR 

To measure H£R2/neu expression in these tumors we 
used a rcal-ume quantitative RTPCR based on TaqMan meth- 
odology, as previously described,'' wjdi minor modifications. 
Bncfly. th« technique allows, by means of fluorescence emis^ 
5ion;io find the cycling point when PGR product is detectable 
(Ci value or threshold cycle). As previously reported, the Ct 
value correlates to the starting quantity of the tai-gct mRNA.'* 
To normalize the amount of total RNA present in each reac- 
t>oi>. we ampHfied the housekeeping gene j5-actin, which is 
assumed to be constant in bod) normal samples and rumor 
tissues. 

Our results arc expressed as relative leveb of HER2/neu 
mRNA, referred to 3 sample, called a "calibrator/ chosen to 
represent IX expression of this gene. The cahbrator was a 
breast cancer cellular line (MCF-7)'^ that was analyzed on 
every assay plate with the unknown samples. All of the ana- 
Ijaed rumors expressed n-fold HER2/ncu mRNA relarive to 
the cahbrator. 

The amount of target, normalized to an endogenous 
reference (^aciin) and relative to the calibrator, v.-as defined 
by the AACt method as described by Lh-ak K (Sequence 
Deiector User BuIJerin 2; Applied Biosystems). SpecificaDv 
the formula is applied as follows: 

target amount = 2''^*'^* 

where AA Ct = {jCt (HER2/neu sample) - Ct (p-nctln 
sample)! - |C. (HER2/neu calibra.or) - Ct O^ctin calibi^- 
lor)]). 
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ImmunohistochemisUy 



^ormahn fixed, paraffin^mbedded ti.ssue sections were 
depni^fimzed. lehydrated, and exposed to the primary Dnri- 
body using die E»Vis,on+ system (Dako, Carpin.eria, CA) 
}nmar>- anfi-HER.2/neu antibody (rabbit polyclonal anil- 
body catalog number A0486; Dako) was applied in a dihinon 
of 1:2000 for 60 m mutes at loom rem pe ram re. Before expo 
.'aire lo iht pHmoiy anribody. secn'ons were microwave-pif- 
-leated in EDTA. pH 8.0. to retrieve anngenicir>, aud nm.- 
baled ..lib endogenous perox.dase-blocXmg sohuion for 10 
mmu.es a. room rcrnpciarure. Positive coniroK constiru.ed bv 
a brcasi carcmoma ^ho^vSng more ihan &0% posiove staming 
lor HKR2/neu, as well as ncgatm connol. in which .he 
piirnaiy annbody ornitied, were stained in pa mile 1. 




nomaltfesuenpe synwialsarcortas^ syncwialswcorress 
(bW expressioh) (InghefirpressicnX 

FIGURE I. DIstribuHon of HER2/neu mRNA levels' in rxjrmol 
muscle tissues ond in Uyw- and high^xpression sarcomas. 
Doto ofe expressed os meon ond stondord error of Ibe meon 
for each group. 



All cases were examined for both cytoplasmic and mem- 
brane immunoreactivity. Cytoplasmic staining was evahiated 
on a semiquanmarivc scale, according to Kilpatriclt et al with 
minor modifications,^** and reported as 0 (no staining or 
staining in <10% of cells), 1+ (weak staining in >10% of 
cells), 2+ (moderate staining in >30% of cells), or 3+ 
(strong staining in >10% of cclb). The presence of a mem- 
branous pattern of staining was recorded separately and 
scored as abscnt..(no staining or weak staining in <10% of 
celU) or present (complete and/or incomplete staining in 
>10% of cells). Tumors with a cytoplasmic scoic of 3-f were 
considered to have high HER-2/neu protein expression. 

Stotisticol Anolysis 

Statistical differences were calculated by Rsher's exact 
I est- The ttest method was used to e\'aluate ihe differences 
benvcen groups. Differences were considered sLiiistically sig- 
nificant when /*ivas <0.05. 



RESULTS 

HER2/neu mRNA Evoluotion 

All of the tissues analyzed conuined delectable 
}eve}s of mR^-nev mJlNA, Sbc norrna) ijssve sctmpJes 
(skeletal muscle) were used lo establish basal level of 
HER2/neu niKNA. All the normal samples expressed 
vcjy low levels of mR2/neu mRNA, ranging from 0.9 
»o K9 n (mean, 1.^ n). y\mong ihe 13 tumor samples, 

1- JER2/neu levels varied greatly, ranging fiom 7.\ to 

2- 1 n. Selling a cutoff level ai 7.9 n (a vnlue thrn icpro 
sents the iriean value of expression disuibiuion of (he 
SSs), 9 cases (69%) had low H£R2/neu e^ptesston and 
•1 cases (31 %) had high HER2/nen expie^ssion (Fig 1; 
Table I). ^ITie ditTerence between ihe 2 groDps (low 
n)Ki high HER2/neu tumors) was siniisrirnliy MtmiPicani 
{P ^ OmO'S). 
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FfGURE 2. Immunohistochemicol locollzotton ot. HER2/neu in S5. (A) Positive control (breost cdneer) showing typlcol strong 
membrone pattern of positMty. (B) Cose 2, o biphosic S5. di5plo>ong very loco) membrane stolning limrted to o gland. Inset; tocol 
we ok cytoplosmic positivity in the epitheliol corrponent ol the some cose. (C) Cose 10, tt>e epHtielJol component of this biphosic 
SS. dispioying strong membrone pott em of stoining. (D) Cose A, an epithelioid oreo in a monophosfc fibrous SS, st>owing strong 
cytoplosmic positivSy. 



HER2/neu Prolein Expression 

Staining with HER2/neu antibody revealed a vari- 
able cyiop]a.';mic and membrane staining pa item. 
'Hiree tuinois (23%) showed strong staining involving 
both die cell mernbrruie arrd ihe cytoplasm (cases 4, 5, 
and 10); weak to moderaie, exclusr\'ely cytoplasmic 
staining was observed in 7 cases (cases 1, 3, 6, 7, 8, 9, 
and J 1). No staining was detected in 2 tumors (cases ] 2 
and ]3)- In 1 case (case 2), a cluster of glandular 
strnctures representing <5% of the nimoi showed 
weak cytoplasmic and very focal membrane staining, 
t!ie lattci iiiniicd to a .-lingle gland. The epiilieliaJ/ 
epithelioid coniponent.s exhibitetl suongci cytoplasmic 
staining compaied with die spindle-<:ell component of 
the turn or s. Mcinbianc staining was predominantly in- 
complete and limited to the epithelial/epiihelioid ar- 
eas. All 3 cases niih high inimunohtsiocheniical expres- 
sion of H£R2/nc\t (cases 5, and 10) were giade HI 
sarcomas, including 1 MF. 1 BF, and 1 MFPD $Ss. 



Examples of " HER2/neu ; cyjoplasmic and ifierribirane 
stjiining are depicted in Figure 2. 

Corretotion of Mofeculor and 
Immunohislochemtcol Results 

A strong, statisdcally significant association was 
present between protein expression, for both mem- 
brane and cytoplasmic staining^ and HER2/neu mRNA 
levels {P = 0.01), although 1 case (case 6) displayed 
discordant results. Interestingly, this neoplasm showed 
high HER2/neu mRNA levels, whereas only weak stain- 
ing, limited to the cytoplasm of a minority of tumor 
cells, was detected by inununohistochemical analysis. 

HER2/neu Exptession end Clinicopoihologtc 
Poroti-ielers 

Both llER2/neu protein expression and mRNA 
levels were evaJuaied to establish the relationships to 
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TABLE 2. Caretotkxi Between Clinicopathotogic 
Ffecrtures ond HHR2/neu Expression os Detected by 
\hK: ond RT-PCR . 

HER2/ncu 
IHC PCR 



Variable 



L H Pyaluc h H /»valuc 



3 3 3 3 

V 0 . NS 6 J 

SO 7 1 

2 3 0.03 2 3 



NS 



NS 



3 2 
6 2 



3 0 
6 4 



NS 



NS 



NS 



NS . 



Age (ytfais) 
<40 
>40 
Sex 
Fcn)a)c 
Male 

Tumor size (cm) 
<5 3 2 

>5 7 1 

HbtoJogkal grade 
II 3 0 

HI . '73 
Histological lypc 

MF .'51 53 

3 J NS 2 2 MS 

Cbcro o/ Radiotherapy* 

Yes .12 3 3 

5 1 NS 5 1 NS 

Recurrcnccf 

Y« . 5 0 5 0 

No ■ • 2 3 NS 1.4 0.02 

• Mctastasisf 

Yes 3 0 • 3 0 

3 NS 3 4 NS 

Abbreviations: U low expression: H. high expression; NS, not 
significant; MF, monophasic fibrous; BF, biphasic; PD. poorjy diJIcr- 
cntiatcd (including MF and BF with poorly differentiated areas). 
*In/orn)aiion not avaifabic for case 7. 
t Cases 7, 12, and 13 were excluded bom the ana)y3is. 

clinicopathologic features, including local recurrence 
and melastatic disease. Two cases (cases ] 2 and 1 3) \vith 
follow-up Jess than 12 months and 1 case (case 7) for 
which clinical information was not available were ex- 
cluded from the analysis of recurrences and melastatic 
behavior. 

No correlation \vzs observed between >tEK2/neu 
JtlRNA expression and age, sex, tumor size, tumor 
grade, histotype, and metasLisis. A correlation between 
sex of the patients and HER2/neu protein expression 
\vas found. Jn fact, none of the female patients showed 
higli >lER2/ncu protein expression {P = 0.03). Pa- 
tients ^vith high Her2/neu mRNA levels had a lower 
risk of recurrence • than those with fow ffer2/neu 
mRNA levels (P = 0.02). None of ihc cases with high 
H£R2/neu mKNA levels developed metastatic foci, al- 
though the small number of obsen-aiions precluded 
reaching statistical significance {P = 0.]). Results are 
detailed in Table 2. 

DISCUSSION 

The present work provides, the first combined mo- 
lecular by real-time RT-PCR and irrunuriohisiochemical 
evidence that HER2/neu over ex pr ess ion occurs in SSs 



Our results indicate that this parameter miy provide 
prognosUc information and suggest that a specific ther- 
apy with humanized moriocional antibodies against 
Pn£R2/neu may be considered in a significant number 
of SSs. 

The HER2/neu oncogene has been extensively 
investigated as.a prognosUc factor and more recently as. 
, a predictoir of response to therapy. It has been demon 
strated in breast cancer, where HER2/neu overexpres- 
sion is usually associated with gene amplification,^^and 
in other epithelial tumors, including ovarian, gastric, 
lung, and urinary bladder cardriomas. 

HER-2/neu amplification/overcxpression appears * 
to be an early event in oncogenic transformation by 
mteracting with other members of the HER family.^ In 
breast cancer, it is involved in cell cycle and apoptotic 
pathways through .the antiapoptoUc effects mediated by 
.p53and p2rderegulation.^=^-^ " . . . 

Whether HER2/neu overexpression plays an im- 
portant role in mesenchymal neoplasms remains con- 
tr6versia). An inmiunohistochemical study of sarcomas; 
using a monoclonal antibody, reported no evidence of 
immunoreactivity for HER-2/neu in 6 SSs as well as in 
other 197 mesenchymal tumors, with cytoplasmic reac- 
tivity obseh'ed only in 1 case of peripheral neuroepi- 
iheli9ma. A recent investigation reported gene ex- 
pression profiles of 41 soft tissue mmors with cDNA - 
microarray analysis. Among these sarcomas, 6 
monophasic SSs were characterized by a unique expres- 
sion pattern of a cluster of 104 genes, including the 
epidermal growt}) factor receptor, which sho^vs 50% 
homology with the HER2/neu gene.^'* These data also 
suggest that the erb-B receptor family plays a significant 
role in SS. It has been demonstrated that a variable 
number of osteosarcomas overexpress HER2/neu."*'^ 
However, more recent siudies^°'^*^® were unable to 
detect any HER2/neu gene amplification and/or over- 
expression using fluorescence in situ hybridization 
(FISH). RT-PCR, and immunohistochemistry. 

Differences in the techniques used may play an 
irnportanl role and explain (at least in part) these 
discrepancies. HER2/neu alterations can be evaluated 
using different technicjues including immunohisto- 
chemistry, FISH, Southern hybridization. Northern 
blol, and competitive, differential, or real-time PCR" 
Immunohistochemistry is the most common method 
for detection of HER2/neu overexpression, but it is 
sigjiificantJy affected by the sensitivity ajid specificity of 
the aj3tJbodie-< UL<:ed, iJie type of rj.S5ue (fjozcji versus 
formalin-fixed), and the variovis interpretative criteria 
and scoring systems used to evaluate cases. Indeed, 
most studies of HER2/neu expression in ostcosarcom.T 
used iirmiunohistochemical techniques, with different 
monoclonal or polyclonal antibodies. The discrepancy 
in results may stem from the use of different antibodies, 
as well :is a lack of sinnd.'irdi/ed evaluation. 

For these reasons, to evaluate HER2/neti irnruu- 
noreaciiviiy in our study, we used a polyclonal antibody 
(Dako, Carpin terra, CA), argtiably the most diffuse and 
thoroughly tested antibody for l]ER2/neu a-<i5essmeni. 
Furtherrrtore, ^ve investigated HKR2/ncu mRNA cx- 
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pression with ^ea^time RT-PCR, because it has been 
demonstrated that mRNA levels correlates tightly >vith 
protein expression.^ At present, real-time RT-PCR 
probably represents the most powerful tool for quanti- 
lative analysis, because it allows better internal control 
and reduction of sample contamination, and pro^des 
more objective results.** 

We analyzed HER2/neu gene expression at the 
mRNA and protein level in 13 cases of SS. HER2/neu 
expression was found in all of the cases investigated, 
and mRNA content in the tumors varied from 2.1 to 
24 n. 

The variability of mRNA levels in SSs is reflected 
on heterogeneity of protein expression pattern as de- 
tected by immunohistochemistry. AVe found that 
HER2/neu immunoreactivity correlates strongly voth 
mRNA levels. A convincing cytoplasmic immunoreac- 
tivity was documented with the polyclonal antibody in 
10 of 13 sarcomas. Distinct membranous staining was 
observed in 3 cases, although it was never comparable 
to the positive breast control. It was predominantly 
incomplete and identified in the epithelial/epithelioid 
component of SS. Interestingly, all of the cases with 
. strong cytoplasmic staining also exhibited a membrane- 
staining pattern. 

In breast cancers, a membranous pattern, of stain- 
ing is thought to be specific for HER2/neu protein 
expression and correlated with gene amplification, 
whereas cytoplasmic staining is usually considered non- 
specific.^* However, cytoplasmic positivity for HER2/. 
neu has been ireported to be prognostically significant 
in other tumor lypes; including bladder, colon, pan- 
creas, thyroid, and nasopharyngeal carcinomas, and 
even in breast cancer.^^ 

Patients widi high HER2/neu mRNA expression 
had a significantly lower risk of recurrence. Similarly, 
aJI of the cases with high HER2/neu expression did not 
metastasize, although this correlation did not reach 
statistical significance due to the small number of cases 
studied. These data suggest that HER2/neu plays a role 
in the biology of SS and that HER2/neu ovcrexprcssion 
may be linked to a less-aggressive clinical behavior. 
Indeed, unlike many cancers ivhere llER2/neu overex- 
pression has been shown to correlate %vith poor prog- 
nosis, HER2/neu levels are linked lo a moire favorable 
clinical course in other malignant rumors, such as thy- 
roid carcinoma and osteosarcoma. '^^^ 

The .molecular mechanisms responsible for the 
action of HER-2/neu in SSs are unknown. A possible 
interaction between HER-2/neu ajid the other mem- 
bers of HER family could be important in (umorigen- 
esis. Dexaugeriienls of other oi^cogencs, tumor suppres- 
sors, and apoptosis regulators have been described in 
SSs. For instance, many SSs have been .shown to be 
diffusely positive for bcl-2 family pioteins (be I- 2, bax, 
bcl-x, and bak). 'Jliese members of ihe bcl-2 family aje 
involved in the regulation of apopiosis in SS.^*^ 'Miis 
laises the hypothesis that complex alieiariom in npop- 
rosis-c on trolling mechanisms ore present in (ht;.se nco- 
pjasrns, with ilER-2/neu interacting with Bcl-2 family 



members. Further studies are needed to clarify the 
mechanisms of apoptosis in SS. 

Depending on the size and location, the therapy of 
choice for SS is radical local excision or amputation.. 
Whenever radical surgery cannot be performed, radio- 
therapy in concert with local excision is suggested in an 
attempt to avoid the need for ampiitation. Only re- 
cently has a study evaluated the possible role of chemo- 
. therapy in the tjreatment of SS. *^ 

The role of molecular markers in predicting treat- 
ment responsiveness is currently the focus of extensive 
investigation. Breast cancer patients with high 1TER2/ 
neu expression appeared to benefit from high-dose 
CAF (cyclophophamide, adriamycin, and 5-fluoroura- 
icil) therapy.^ In our study, 3 of 4 patients with high 
HER2/neu expression received adjuyant chemother- 
apy with ifosfamide; these patients had a favorable clin- 
ical outcome. These data raise the possibility that 
TiER2/neu may have value in predicting which patients 
are likely to respond to specific adjuvant chemotherapy 
regimens. Whether the favorable significance of 
HER2/neu expression depends on predicting clinical 
recurrence, response to chemotherapy, or both re- 
mains to be fully elucidated in SS patients. • 

To the best of our knowledge, this is the first 
report that shows expression of HER2/neu in primary 
SS by realtime RT-PCR. Elevated levels of HER2/neu 
jnRNA and protein are found in a significant group of 
SS pa dents, and these levels appear to correlate with 
features of good prognosis. Furthermore, our results 
suggest that this mechanism of disease in SS may be the 
target of specific inhibiiory therapies based on human- 
ized monoclonal antibodies. Considering the small 
number of patients examined, further investigation is 
needed to confirm these preliminary findings. 
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Genome-Wide study of gene copy numbers, transcripts, and protein levels 
in pairs of non-invasive and invasive htiman transitional cell carcinomas. 

Ornt oftTF, Thykiacr T . Waldman FM. Wolf H C^lkJV 

Department of Clinical Biochemistry, Molecular Diagnostic Laboratory Aarhus 
University Hospital, Skejby. DK-820() Aarhus N, Denmark, omtoft@kba.sks.au.dk • 

Gain and loss of chromosomal material is characteristic of bladder cancer, as well as 
malignant transfomation in general. TTie consequences of these changes at both the 
Iranscnption and translation levels is at present unknown partly because of technical 
hmitatioiis. Here we have attempted to address this question in paire of non-invasive and 
uivasive human bladder tumors using a combination of technology Uiat included 
comparative genomic hybridization, high density oligonucleotide array-based monitoring 
of transcnpt levels (5600 genes), and high resolution two-dimensional gel 
electrophoresis. The results showed that there is a gene dosage effect that in some cases 
superimposes on other regulatory mechanisms. This effect depended (p < O.Ql 5) on the 
magnitude of the comparative genomic hybridization change. In general (18 of 23 cases) 
chromosomal areas with more tlian 2-fold gain of DNA showed a corresponding increase 
in mRNA transcnpts. Areas with loss of DNA, on the other hand, showed either reduced 
or unaltered transcnpt levels. Because most proteins resolved by two-dimensional gels 
are unknown ,t was only possible to compare mlWA and protein alterations in relatively 
tew cases of well focused abundant proteins. With few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and protein levels. The implications • 
as well as limitations, of the approach are discussed. . ' 



PMID: 12096139 [PubMed - indexed for MEDLINE] 



Research 



Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 

Torben F, 0rntoft:j:§, Thomas ThykjaerU, Frederic M. Wa!dman||, Hans Wolf**, 
and Julio E. Celistt 



Gain and loss of chromosomal material is characteristic 
o1 bladder cancer, as well as malignant transformatton in 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partfy because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 
two-dimensional gel eleclrophoresis. The results showed 
that there is a gene dosage effect that in some cases 
superimposes on other regulatory mechanisms. This ef-; 
feet depended (p < 0.015) on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels. Be-, 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations in relatively few cases of well focused 
abundant proteins. With few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomics 1:37-^5, 2002. 

Aneuploidy is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer cell line 
BT474 has suggested that there is a correlatiort between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2, cyclin d1. 
ems1, and N-myc (3-r5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a low level of c-myg copy number in- 
crease was observed without concomitant c-myc protein 
overexpression (6). 

In hurhan bladder tumors, karyotypirtg, fluorescent in situ 
hybridization, and comparative genomic hybridization (CGH)^ 
have revealed chroirtosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-invasive pTa transitional cell carcinomas (TCCs), 
this includes loss of chromosome 9 or parts of it, as well as 
loss of Y in males. In minimally invasive pT1 TCCs; the fol- 
lowing alterations have been reported: 2q-, 11 p-, Iq-*-,. 
11q13+, 17q+, and 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we have combined genome- wide tech- 
nology for detecting genomic gains and losses (CGH) with, 
gene expression profiling techniques (microari-ays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-invasive and in- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 

Ma fer/a/— Bladder lumor biopsies were sampled after informed 
consent was obtained and alter removal ol tissue for routine pathol- 
ogy examination. By light microscopy tumors 335 and 532 were 
staged by ari experienced palhologist as pTa (superficial papillary). 



^ The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; LOH. loss of heterozygosity; 
PA-FABP, psoriasis- associated latly acid-binding protein; 2D, 
two-dimensional. 
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. F(6. 1. DNA copy number and mRNA expression level. Shown from left to right are chromosome (Chr.), CGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. A, expression of mRNA in invasive lumor 733 as 
compared with the non- invasive counterparl tumor 335, B, expression ol mRNA in invasive tumor 827 compared with the non-invasive 
counterpan tumor 532. The average fluorescent sigrwl ratio between tumor DNA and nonmal DNA is shown along the length ol the chromosome 
i/efl). The bold curve in the ratio profile represents a mean of lour chromosomes and is surrounded by thin curves Indicating one standard 
deviation. The central vertical firie proken) indicates a ratio value of 1 {no change), and the vertical liries next to it (do/ifed) indicate a ratio of 
. 0-5 {left) and 2.0 {right). In chromosomes where the non-invasive tumor 335 used lor comparison showed alterations in DNA cent en I. the ratio 
prpfile ol that chromosome is shown to the right of the invasive lumor profile. The colored bars represents one gene each, identified by the 
running numbers above the bars (the name of the gene can be seen at www.MDLDK/sdata.html). The bars ifKiicate the purported todation of 
the gene, and the colors indicate the expression level ol the gene in the invasive tumor compared with the non-rnvasive counterpart; >2"lold 
increase {black), >2-fold decrease {blue), no signilicant change (orange). The bar to the far right, entitled Expression shows the resulting change . 
in expression along the chromosome; the colors indicate thai at least half of the genes were up-regulated (6/ac/c), at least hall of the genes 
down- regulated {blue), or more than hall of the genes are urtchanged {orange). 11 a gene was absent in one of the'sainples and present in 
another, it was regarded as more than a 2-fold change. A 2- fold level was chosen as this correspornJed to one standard deviation in a double 
determination of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pTl 
(invasive into submucosa). 733 was staged as solid, and 827 was 
staged as papillary, both grade III. 

mRNA Preparation— Tissue biopsies, obtained fresh from surgery,, 
were embedded immediately in a sodium- guanidinium thiocyanate 
solution and stored at -eO"C. Total RNA was isolated using the 
RNAzol B RNA isolation method (WAK-Chemie Medical GMBH). 
polyfA)"* RNA was isolated by an oligo(dT) seleclion step {Oligolex 
. mRNA kit; Oiagen). 

cRNA Preparation—! of mRNA was used as starting material. 
Theiirst and second strand cDNA synthesis was perlormed using the 
Superscript® choice system (tnvitrogen) according to the manufac- 
turer's instructions but using an oltgo(dT) primer containing a T7 RNA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAsc/ip® in vitro Iranscrrplion kit (Ambion). Biot in- labeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy columns (Oiagen). 

Array Hybridization and Scanning— f^xay hybridization and scan- 
ning was modified from a previous method (?3). 10 /ig ol cRNA was 
fragmented at 94 "C lor 35 min in buffer containing 40 mw Tris 
acetate, pH 8.1, 1 00 mM KOAc, 30 mu MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6X SSPE-T hybridization buffer (1 m NaCI, 
10 mw Tris. pH 7.6, 0.005% Triton), was healed to 95 °C for 5 min, 
subsequentfy cooled to 40 °C, and loaded onto the Alfymetrix' probe 
array cartridge. The probe array was then incubated lor 16 h at 40 
at constant rotation (60 rpm). The probe array was exposed to 10 
washes in 6x SSPE-T at 25 'C followed by 4 washes in 0.5x SSPE-T 
at 50 'C. The biotinylated cRNA was stained with a streptavidin- 
phycoerythrin conjugate, 10 fig/ml (Molecular Probes) in 6x SSPE-T 
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lor 30 min at 25 "C followed by 10 washes in 6X SSPE-T at 25 'C. The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microscope (made lor Affymelrix by Hewletl-Packard). The readings 
»rom the quantilalive scanning were analyzed by Allymetrix gene 
expression analysis software. 

Microsatellite /Ina/ysis— MicrosaleHile Arwiysis was performed as 
desaibed previously (14). Microsaletliles were selected by use of 
www.ncbi.n(m.nih.gov/genemap98. and primer sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplifred by PGR in a volume of 20 ^ for 35 
cycles. The ampficoris were denatured and eleclropfxiresed for 3 h in an 
ABI Prism 377. Data were collected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as (ess than 33% 
of one allele detected in tumor amplicons compared with blood. 

Proteomic Analysis-lCCs were minced into small pieces and 
homogenized in a small glass homogenizer in 0.5 ml of lysis solution. 
Samples were slored at -20 'C until use. The procedure tor 2D gel 
electrophoresis has been described in detail elsewhere (15. 16). Gels 
were stained with silver nitrale and/or Coomassie Brilliant Blue. Pro- 
teins were identified by a combination of procedures that included 
microsequencing, mass spectrometry, two-dimensional gel Western 
immunoblotting, and comparison with the master two-dimensional gel 
image of human keratinocyte proteins; see biobase.dk/cgi-bin/celis. 

CGH- Hybridization of differentially labeled tumor and normal DNA 
.to normal metaphase chromosomes was performed as described 
previously (10). Fluorescein- labeled tumor DNA {200 ng), Texas Red- 



labeled reference DNA (200 ng). and human Cot-1 DNA (20 ^g) were 
denatured at 37 for 5 min and applied to denatured normal met- 
aphase slides. Hybridizialion was at 37 'C for 2 days. After washing, 
the slides were counlerstained with 0.15 tig/m\ 4,6-diamidino-2-phe- 
nylindote in an anti-fade solution. A second hybridization was per- 
formed for all lurrwr samples using fluorescein-labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeRng) to contirm the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fhiores- 
ceirv and Texas Red-labeled nomnal DNA. Digital image analysis was 
used to identify chromosomal regior^s with abnormal fluorescence 
ratios, indicating regions of DNA gains and tosses. The average 
green:red fluorescence intensity ratio profiles were calculated usir>g 
four images of each chromosome (eight chromosomes total) with 
normalization of the greenired fluorescence intensily ratio for the 
entire metaphase and background correction. Chromosome identifi- 
cation was performed based on 4,6-diamidino-2-phenylindote band- 
ing patterns. Only images showing uniform high intensity fluores- 
cence with minimal background staining were analyzed. Alt 
centromeres, p arrns of acrocentric chromosomes, and heterochro- 
malic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybrid^zation--'\\^e CGH analysis 
identified a number of chromosomal gains and losses in the 
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Table I 

. Correlation between atterations detected by CGH and by expression monitoring 
Top. CGH used as independent variable (i* CGH alteration - what expression ratio was found); bottom, altered expression used as 
independent variable fif expression alteration - what CGH deviation was found). ^ 



CGH alterations 



Tumor 733 vs. 335 
Expression change clusters 



Concordance 



CGH alterations 



Tumor 827 vs. 532 
Expression char>ge clusters 



Concordance 



13 Gain 



10 Loss 



10 Up-regulation 

0 Down- regulation 

3 No chaf>9e 

1 Up-regulation 

5 Down- regulation 

4 No change 



77% 



50% 



10 Gain 



12 Loss 



8 Up-regulation 
0 Dowrvregulation 

2 No change 

3 Up-regulation 

2 Down regulation 
7 No change 



80% 



17% 



Expression change clusters 



Tunr>or 733 vs. 335 
CGH alterations 



Concordarwe Expression change clusters 



Tumor 827 vs. 532 
CGH alterations 



ConcordarKB 



16 Up-regulalion 
21 Dowrvregulation 
15 No change 



11 Gain 

2 Loss 

3 No change 
1 Gain 

8 Loss 

12 No change 
3 Gain 

3 Loss 

9 No change 



69% 



38% 



60% 



17 Up-regulation 



9 Down-regulation 



21 No change 



10 Gain 

5 Loss, 

2 No change 

0 Gain 

3 Loss 

6 No change 

1 Gain 
3 Loss 

17 No change 



59% 



33% 



81% 



two invasive tumors (stage pTI, TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33-, and X-. and 7-^; 9q-. 
and respectively. Both invasive tumors showed changes 
(1q22-24+, 2q14.1-qter-, 3ql2-ql3-3-. 6q12-q22-. 
9q34 + , 11q12-q13+, 17+, and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the norma! copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at lq23 in TCC 733 (Fig. 1>^) and 
20q12 in TCC 827 (Fig. 1B). 

mBNA Expression in Relation to DNA Copy Number— Ihe 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between tfie level in 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fbld were regarded as informative (Fig. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 
Two sets of calculations vyere made from the data, For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosornal areas. In general, areas with. a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chrorno- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) ffable I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The inabil- 
ity to detect RNA expression changes in these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculatior>s we selected expression 
alterations above 2- fold as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, boffom). 
Furthermore, as a control we looked at areas with no alter- 
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F»G 2 Correlation between maximum CGH aberration and the ability to detect expression change by oligonucieolide array 
mo^io' ing 7h7abe^^^ is shown.as a numerica. -lotd change in ratio between invasive tumors 827 (A) and 733 (♦) and the.r non-™ 
runtparts 532 and 335! The expression change was taken from the Expression Hne to the rigM in Fig. 1, which dep,cts the resuH ng 
eXr^ Change for a given chromosomal region. At least half of the mRNAs from a given region have to be e^her up- or down-regulated 
fo bel^oreS as an expression change. All chromosomal arms in which the CGH ratio plus or minus one standard deymtron was outside the 
ratio value of one were included. 



ation in expression: No alteration was detected by CGH in 
most of these areas (TCC 733, 60% and TCC 827, 81%; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations in the 
regions showing CGH changes against the ability to delect a 
cfiange in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2). For both tumors TCC 733 (p.< 0.015) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DMA copy number) and alterations ^Jetected by the array 
based technology (Fig. 2). Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fotd (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
. much larger extent. 

Microsatellite- based Detection of Minor Areas of Loss^ 
es-ln TCC 733,- several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
rhal CGH but reduced mRNA expression (see Fig. 1 . TCC 733 
chromosome 1q32, 2p21, and 7q2Vand q32, 9q34. and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two microsatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Rg. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- . 
crease. Thus, for the areas showing iricr eased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1 A). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation rriay be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 1lp showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites (D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chrorfiosomes 3q24, 11p11, 12pl2.2, 12q21,1. and 16q24 
and in TCC 827 at chromosome .11pl5.5. 12pl1. 15q11.2, 
and I8ql2 was also examined for chromosomal losses using 
microsatellites positioned as close as possible to the gene loci 
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Fta 3. MicrosalelJile analysis of loss o( heterozygosity. Tumor 
733 showing loss ol heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to Hu class I histocompatibility antigen (gene 
number 38 in Fig. 1), (6) by D1S2735 close to cathepsin E (gene 
number 41 in Fig. 1), and (c) at chromosome 2p23 by D2S2251 close, 
to general ^-spectrin (gene number 1 1 on Rg. 1) and of (d) tumor 827 
showing loss of heterozygosity at chromosome I8q12 by S18S1118 
close to milochondria! 3-oxoacyl-coen2yme A thiolase (gene number 
12 in Fig. 1). The upper curves show the etectropherogram obtained 
from normal DNA from leukocytes (N). and the lower curves show the 
etectropherogram (rom tumor DNA (7). In all cases one allele is 
partially lost in the tumor ampticon. 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH {Fig. 3), suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels — 
2D- PAGE analysis, in combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all lour tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating in areas away from the edges ol the pH 
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Fig. 4.. Correlation between protein tevels as judged by 2D- 
PAGE and transcript ratio. For comparison proteins were divided tn 
three groups, unaltered in level or up- or down-regulated (honzonfa/ 
axis). The mRNA ratio. as determined by oligonucleotide arrays was 
plotted for each gene {vertical axis). A, mRNAs that were scored as 
present in both tumors used for the ratio calculation: A, mRNAs that 
were scored as absent in the invasive turriors (along horizontal axis) or 
as absent in non-invasive reference (fop of figure). Two different 
searings were used to exclude scaling as a conlounder. TCCs 827 
and 532 (AA) were scaled with background suppression, arid TCCs 
733 and 335 (#0) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
between the groups. Proteins shown were as follows: Group A (from 
left), phosphoglucomutase 1, glutathione transferase class m number 
4, fatty acid-binding protein homologue. cytokeratin 15, and cyto- 
keratin 13; 8 (from left), fatly acid-binding protein homologue, 28-kDa 
heat shock protein, cylokeratin 13. and calcyclin; C(from/e/0. a-eno- 
lase, hnRNP B1, 28-kDa heat shock protein, 14-3-3-«, and 
pre-mRNA splicing factor; D, mesothetial keratin K7 (type II); E (from 
fop), glutathione S-transI erase- it and mesolhelial keratin K7.(type II); 
F (from lop and /eft), adenylyl cyclase- associated protein, E-cadherin, 
keratin 19, calgizzarin, phosphoglycerate nriutase, annexin IV, cy- 
toskeletal r-actih, hnRNP A1, integral membrane pfotein calnexin 
{1P90), hnRNP H. brain- type clathrin light chain-a. hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprolein A/B, 
translationally controlled tumor protein, liver gtyceraldehyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na,K- 
ATPase 0-1 subunit; G, (from top and left), TCP20, ca»gi22arin, 70- 
kDa heat shock protein, calnexin, hnRNP H, cytokeralin 15. ATP 
synthase, keratin 19. Iriosephosphate isomerase, hnRNP F, liver glyc- 
eraldehyde-3-pbosphatase dehydrogenase, glutathione S-trans!er- 
ase-iT. and keratin 8; H (Irom left), plasma gelsolin. autoantigen ca)- 
reticulin, thioredoxin, and NAD +r dependent 15 hydroxy prostaglandin 
dehydrogeriase; / ((rorn fop), prolyl 4-hydroxylase 0-subunit. cyto- 
keralin 20, cytokeralin 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin H; K, annexin IV; L (Irom top and left). 90-kDa heat 
shock protein, prolyl 4 -hydroxylase /J-subunit, o-enolase, GRP 78. 
cyclophilin, and cofrlin. 

gradient, and having a known chromosomal location, were 
selected for analysis inihe TCC pair 827/532. Proteins were 
identified by a combination ol methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation (p < 0.005) tx;twe&n mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except tor a group ol cyto- 
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Fig. 5. Comparison of protein and transcript levels in invasive 
and non-invasive TCCs. The upper pari of the figure shows a 2D gel 
(/eft) and the oligonucleotide array (ripW) ol TCC 532. The red rec/an- 
gtes on the upper gel highlight the areas that are compared below. 
Identical areas of 2D gets of TCCs 532 and 827 are shown below. 
Clearly, cytokeratins 13 and 15 are strongly dbwn-regulated in TCC 
827 (red arinotation). The tile on the array containing probes for 
cytokeratin 15 is enlarged below the array {red arrow) (rom TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
conesponds to perfect match probes; the lower row corresponds lo 
mismatch probes containing a mutation (used for correction lor un- 
speciHc binding). Absence of signal is depicted as- black, and the 
higher the signal the lighter the color. A high transcript level was 
detected in TCC, 532 (6151 units) whereas a much lower level was 
delected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present in TCC 532 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the bottom of the figure {left) show levels of F»A-FABP and adtpocyte- 
FABP in TCCs 335 and 733 (invasive), respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP transcript. A medium transcript level was de- 
tected in the case ol TCC .335 (1277 units) whereas very low levels 
were detected in TCC 733 (166 units). lEF, isoelectric focusing. 



keratins encoded by genes on chromospnne 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
foctjsed proteins whose genes had a' know chromosomal 
location were delected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasive TCC 335 but lost in the invasive 
counterpart (TCC 733;. see Rg. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

11 chromosomal, regions where CGH showed aberrations 
that con-esponded to the changes in transcript levels also 
showed corresponding changes in the protein level (Table II). 
These regions included genes that encode proteins that are 
found lo be firequently altered in bladder cancer, riamely 
cytokeratins 17 and 20, annexins II and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area in invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene, expression in two pairs of non-invasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases, how- 



Table II 





Proteifis whose expressior} 


level correlates with both mRNA and gerie dose changes 




F*rotein 


Chromosomal location 


Tumor TCC 


CGH alleration 


Transcript alleration* 


Protein alteration 


Annexin 11 
Annexin IV 
Cytokeratin 17 
Cytokeratin 20 
{PA-)FABP 
F8P1 

Plasma gelsolin 
Heat shock protein 28 
Prohibilin 
ProIyl-4-hydroxyl 
hnRNPBt , 


lq21 
2pl3 

17ql2-q21 

17q21.1 

8q21.2 

9q22 

9q31 

15q12-q13 
17q2t 
I7q25 
7p15 


733 

733 

827 

827 

827 

827 

827 

827 
827/733 
827/733 

827 


Gain 
Gain 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 
Gain 
Gain 
Loss 


Abs to Pres* 
3.9-Fold up 
3.8-Fold up 

5.6- Fold up 
10-Fold down 
2.3- Fold up 
Abs lo Pres 
2.5-Fold up 

3.7- /2.5-Fold up*" 
5.7-/1.6-Fold up 
2-5- Fold down 


, Increase 
Increase 
Increase 
Increase 
Decrease 
Increase 
Increase 
Decrease 
Increase 
Increase 
Decrease 


^ Abs, absent; Prcs, present. 
In cases where the corresponding alteralions were 


found in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease in DNA copy number was 
associated with de novo occurrence or complete loss of tran- 
script, respectively. Some of these, transcrfpls could not be 
delected in the non-invasive tumor but were present at rela- 
tively high levels in areas with DNA amplifications in the inva- 
sive tumors (a^- in TCC 733 transcript from cellular ligand of 
annexin 11 gene (chromosome 1q21) from absent to 2670 
arbitrary units; in TCC 827 transcript from small proline-nch 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gain of chromosomal material in this area. 
- Considering the many possible regulatory mechanisms act- 
ing al the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie in the loss of controlled 
methylation in tumor cells (17-19): Thus, it may be possible 
that in chromosomes with increased DNA copy numbers two 
or more alleles could be.demethylated simultaneously leading 
to a higher transcription level, whereas in chromosornes with 
losses the remaining allele could be partly methylated, turning 
. off the process (20, 21). A recent report has. documented a 
ploidy regulation of gene expression in yeast, but in this case all 
the genes were present in the same ratio (22). a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common al certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors. In pTa tumors, these include 9p- ; 9q-, 1q+. Y- 
(2. 6), and in pTI tumors. 2q-.11p-, 11q-» 1q+. 5p+. 8q-F. 
17q+. and 20q+ (2-4. 6. 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and respectively. Likewise, the two minimal invasive 
pT1 tumors showed abenations that are commonly seen at 
that stage, arid TCC 827 had a remarkable resemblance to the 
commonly seen pallern of losses and gains, such as 1q22-24 
amplification (seen in both tumors). 11q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-. often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases it is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers: Analysis of these regions 
by positioning heterozygous mrcrosateltites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA microarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether- 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level in normal cells and is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors lo benign tumors rather than 
to normal urolhelium, as the tumors studied were biologically 
very dose and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible lo apply three different 
state of the art methods. The obsen/ed correlation between 
DNA copy number and ml^NA expression is remarkable vyhen 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experirnenls. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data thai showed a remarkable 
similarity even between tumors and distant metastasis (10, 23)- 

In the few cases analyzed. mRNA and protein levels 
showed a striking correspondence although in some cases 
we found discrepancies that may be attributed to translalional 
regulation, post-lranslalional processing, protein degrada- 
tion, or a combination of these. Some transcripts belong lo 
undertrarislated mRNA pools, which are associated with few 
Uanslationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells. as deter- 
mined by arrays and 2D-PAGE (25). and a moderate correla- 
tion was recently reported by Ideker ef a/. (26) in yeast. 

Interestingly, our study revealed a much better correlation 
between gained chromosomal areas and increased mRNA 
levels than between loss of. chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript. One possible 
explanation could be that by losing one allele the change in 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold increase in gene copy number resulting in a much 
higher impact on transcript level. The latler would be much 
easier to delect on the expression arrays as the cul-otf point 
was placed al a 2-fold level so as not to be biased by noise on 
the anay. Construction of arrays with a belter signal to noise 
ratio may in the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
. quently amplified area in chromosome 17q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring immunoidentification and/or mass spectrometry to 
correctly identify the proteins in the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tiorial chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid-rnapped genes will increase the resolution and infornna- 
tion derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis to obtain information at 
the post-translational level, a clearer and nriore developed un- 
derstanding of the tumor genorne will be forthcoming: 
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Exprcssiou of bcr-abi niRNA in individual chronic myelogenous Icukacnu'a 
cells as determined by in situ amplification. 

Pachmann IC, Zhao S , Schcuk T . Kantariian H . El-Naggar AtC Siciliano MJ . Guo 
JQ, ArUnghaus RB , Aiidreeff M , 

The University of Texas M.D. Anderson Cancer Center, Department of Molecular. 
Haematology and Therapy, 1515 Holcombe Boulevard, Houston, TX 77030, USA. 

We present the results of a novel method developed for evaluation of in situ 
amplification, a molecular genetic method at the cellular level. Reverse transcription 
polymerase chain reaction (RT-PCR) was used to study bcr-abI tianscript levels in 
individual cells from patients with chronic myelogenous leukaemia (CML). After 
hybridizing a fluorochrome-iabelled probe to the cell-bound RT-PCR product, bcr-abI 
raRNA-positive cells were determined using image analysis. A dilution series of bcr-abl- 
positive BVI73 into nomial cells showed a good correlation between expected and actual 
values, tn 25 CML samples, the percentage of in situ PCR-positive cells showed an 
excellent correlation witli cytogenetic results (r = 0.94, P < 0:000 1 ), interphase 
fluorescence in situ hybridization (FISH) (r = 0.95, P = 0.001) and hypennetaphase FISH 
(r =. 0.81, P < 0.001). The fluorescence intensity was higher in residual CML cells after 
interferon (IFN) treatment than in newly diagnosed patients (P = 0.004), and was highest 
in late-stage CML resistant to IFN therapy and lowest in CML blast crisis (P = 0.001). 
Mean fluorescence values conrelated with bcr-abl protein levels, as detennined by 
Western blot analysis (r 0.62). Laser scanning cytometry allowing automated analysis 
of large numbers of cells confirmed the results. Thus, fluorescence in situ PGR provides a 
novel and quantitative approach for monitoring tumour load and bcr-abl transcript levels 
in CML. 
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Cell localization and regulation of expression of cytochrome P450 1 Al and 
2Bl m rat lung after Induction with 3-niethylchoIanthrene using mRNA 
hybridization and immunohistochemistry. 

INSERM Unite 139, Hopital Henri Moodor, Creteil. France. 

In order to characterize the response of varipus pulmonary cell types to poIycycHc 
aroma .c hydrocarbons, the expression of cytochrome P450 (CYP) IM and 2B1 mRNA 
m the lung of rats, with or without induction by 3-methylcholanthrene (3MC) wa™ 
analyzed by in situ hybridization using appropriate 35S-labeIed ribopro^^ 
expression of the corresponding proteins was investigated immunohistochemically 
FoHomng induction with SMC. the kinetics of mRNA expression diffe^^^ 
bet«jen Clara cells and type II pneumobytes and venous endothelial cells. In Clara ceU^ 
mRNA expression was detected as early as 1 h after induction, peaked between 2 and 4 h 
and was completely undetectable at 14 h. In contrast, venous^dothelial cells^d t^e H 
pr^eumocytes exhibited permanent mRNA expression of CYP I Al in 3MC-pretreated 
ratj These kinetic results explain the striking absence of coirelation between mRNA and 

T"" '^'"^ ^ °f '"duction protocol.^ 

these cells exhibited intense protein expression with no mRNA. In contrast a good 
correlation was observed for mRNA and protein expression of CYP 2B1, ^ith similar 

cells. This study clearly distinguished the regulation of CYP 1 Al expression in the rat 
lung from that d^cnbed m the liver. The dilferences observed in the various lung cell 
typ«. whatever the post-transcriptional mechanisms involved, emphasize that studies 
must be perfonned at the cellular level in order to understand the specific response to 
xenobiotics, not only of this organ as a whole but also of its various anatomic structures. 
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Correlative [iiiniuaoliistoclieiiiical and reverse Iraiiscriptasc polymerase 
chaia reaction analysis of somatostatin receptor type 2 in neuroendocrine 
tumors of the lung. 

Papotti M , Crocc S , Macri L , pHnaro A , Pccchioni C , Schindler Bussolati G . 

. Department of Biomedical Sciences and Oacoiogy, University of Turin, Italy. 

Somatostatin receptors type 2 (sst2) have been frequently detected in neuroendocrine 
tumors and bind somatostatin analogues, such as octreotide, with higli affinity. Receptor 
autoradiography, specific mRNA detection and, more recently, antisstZ polyclonal 
antibodies are currently employed to reveal sst2. The aim of the present study was to 
investigate by three different techniques the presence of sst2 in a series of 26 
neuroendocrine tumors of the lung in which fresh frozen tissue and paraffin sections were 
available. It was possible, therefore, to compare, in individual cases, RNA analysis 
studied by reverse transcriptase polymerase chain reaction (RT-PCR), in situ 
hybridization (IS H), and immunohistochemistry. A series of 20 nonneuroendocrine lung 
carcinoma samples served as controls. RT-PCR was positive for sst2 in 22 of 26 samples, 
including 15 of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 small-cell 
carcinomas. The sst2 mRNA signal obtained by RT-PCR was strong in the majority 
(87%) of typical carcinoids and of variable intensity in atypical carcinoids and small-cell 
carcinomas. A weakly positive signal was observed in 5 of 20 control samples. In 
immunohistochemistry, two different antibodies (aiiti-sst2) were employed, including a 
monoclonal antibody, geiierated in die Department of Pathology, University of Turin. In 
the majority of samples a good correlation between sst2 mRNA (as detected by RT-PCR) 
and sst2 protein expression (as detected by immunohistochemistry) was obsei-ved. 
However, one atypical carcinoid and one small-cell carcinoma had focal immunostaining 
but no RT-PCR signal. ISH performed in selected samples paralleled the results obtained 
with the other teclmiques. A low sst2 expression was associated with liigh grade • 
neuroendocrine tumors and with aggressive behavior. It is concluded that I) 
neuroendocrine tumors of the lung express sst2, and there is a correlation between the 
mRNA amount and the degree of differentiation; 2) immunohistochemistry and ISH are 
reliable tools to demonstrate sst2 in these tumors; and 3) sst2 identification in tissue 
sections may provide inforaiation on the diagnostic or therapeutic usefulness of 
somatostatin analogues in individual patients witli neuroendocrine tumors. 
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Correlative Immunohistocheinjcal and Reverse 
Transcriptase Polymerase Chain Reaction Analysis of 
Somatostatin Receptor Type 2 in Neuroendocrine 
Tumors of the Lung 



AolaFunaro, ph.D:, Carla Pecchioni, Marcus Schindler,M.D-, and 
Gianni Bussolati, M^D., F.R.C.Paih. 



SomaiosiatiD receptors type 2 (sst2) have been ftegucndy de- 
tected in ncuTOcndocrine tumors and bind somatosmtiB ana- 
loonies, such as octreotide, with high affinity- Kcccptoi auiora- 
diography, specific mRNA deiection and. iDore reccnOy, ann- 
' ssi2 polyclonal aDdbodjcs arc currently, employed lo reveal 
• sstTThe aim of the preserit study was to investigate by three 
: differeDi techniques the pjesence of ssl2 in a series of 26 neu- 
jocndociine mroors of the lung in ^yhich fiesh hozco tissue and 
paraffin sections were available. It was possible, therefore, to 
qomparc, in individual ca^es, RNA analysis snidied by le verse 
oanscripiasc polyracrase chain rcacuon (JRT-PCR), in situ hy- 
bridizalioD (ISH), and imrounohisiochtmisDy. A scries of 20 
Donneuroendocrine lung carcinoma samples served as controls. 
RT-PCR was positive for S5l2 in 22 of 26 samples, including 15 
of. 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 
small-cell carcinomas. The ssi2.inRNA signal obtained by RT- ' 
PCR was strong in the majorhy (87%) of typical carcinoids and 
of variable intensity in atypical carcinoids and sraall-ccll car- 
cinomas. A weakly positive signal was observed in 5 of 20 
control samples. In iromunoiiistochemistry, two diffcjcnt anti- 
bodies (anii-sst2) were employed, including a monoclonal an- 
tibody, generated in the Department of Pathology, Univeisity 
of Turing Id the majority of samples a good conclaiion between 
sst2 mRNA (as detccicd by RT-PCR) and sst2 protein expres-. 
sion (as detected by immunohisiochemisiry) was observed. 
Howevo-, one atypical carcinoid and one small-eel) carcinoma 
hnd focal ijnmunosiairiing but no RT-PCR signal. ISH pei- 
formed in selected samples paralleled die icsulis obtained widi 
ihe oihcr lechhiqucs. A low ssi2 e;ipression was associated widi 
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high grade netirocndocrine rumors and with aggressive behav- 
ior It is concluded dial 1) neuioendocrinc tumors of the lung 
express ssi2, and there is a correlahoo between ihc naRMA 
amount and the degree of differentiatjon; 2) imrounohistochem- 
istry and 3SH arc reliable tools to deraonstraic sst2 in these 
tumors; and 3) ssi2 ideritificarion in tissue sectjons may provide 
infoiroaiion on d)e diagnostic or therapeutic usefulness of so- 
matostatin, analogues in individual patients with neuroendO; 

crinc tumors. o * 

Key Words: Neuroendocrine— Lung— Tumors— Somato- 
statin receptors- Immunohistochemistry^Sraal) cell carcj- 
Doma— Reverse transcriptase polyjuerasc chain reaction. 

Diagn Mol Pathol 9(J): 47-57, 2000. 



The soiDatostalin receptor family (ssi) includes ai least 
five isoforins that have been recebily identified- and char- 
acterized 08,32,41). The ssts aie widely distributed in 
normal hninan lissnes and id human raraors. Ssi type 2 is 
more commonly detected in neuroendocrine tumors 
(32,37) and binds Uie somatostatin analogue octreotide 
with high affjniiy. 

Sst localization had originally been- demonstrated by 
means of binding assays of radiolabeled somatostatin 
analogues (20,25.31). Subsequently, spccifjc sst messen- 
ger Rl^A (raRMA) deiection was obtained by means of in 
Sim hybridization (DSH) and reverse u-anscripiase poly- 
merase chain reaction (RT-PCR) (14.32.37). Recently; 
polyclonal antibodies specifjc for differeol isoforros of 
sst were produced aud used in immunohistochemisti^ 
(10>12,]5, 1830,35,36). Given the well-known heteroge- 
neity of neoplastic. populations, in situ methods (imnm- 
nohisiochemisuy and ISH) allow a more defmite map- 
ping of tlie disiribniion of the reccpio; in such tissues. 
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This is poienljally useful for pTcdiciing the responsive- 
ness of a given neoplastic cell population to medical 
treadxient with somatostatin analogues, which are used in 
the clinical setting for both diagnostic and therapeutic pur- 
poses with special reference to neuroendocrine turaors. 

The spectrum of neuroendocrine tumors of the lung 
inchides well-diiferentiated neoplasms (so-called typical 
. carcinoids) and poorly differeniiaied small-cell carcino- 
mas (SCCs). Intermediate forms sharing features of both 
the aforementioned types also belong to this spectrum 
. (so-called atypical carcinoids or well-differentiated neu- 
roendocrine carcinomas). Knally, large-cell neuroendo- 
— eiine-carGinoma-haE-beGD^entifjed and- includedoB-this- 
tomor group (4,40), Tlie tissue distributiori of sst2 in 
neuroendocrine tumors of the lung has not been thor- 
oughly characterized, although individual samples of 
■ bronchial carcinoids were found to express sst (30)' 
SCCs (but riot non-small-cell types) were also shown to 
be sst2 positive by receptor binding assay (33). More- 
over. sst2 has been detected in in vitro cell cultures of 
human SSC of d)e lung (39,42). No smdy on a series of 
neuroendocrine tumors of the lung including all neuro- 
endocrine luDg tumor types has been reported to date. 

The aim of this smdy was therefore to investigate the 
presence of ss l2 mKNA and protein in a series of 26 
neuroendocrine tumors of the Jung. e;mploying different 
technical approaches, such as RT-PCR, JSH, and immu- 
nohistochemistry. To this purpose a monoclonal anti- 
body to sst2 (N- terminal) was generated in the Depart - 
icneni of Pathology, University of Turin. The results were 
then compared and related to the mmor grade and to 
other clinicopathologic parameters. 

MATERIALS ANT) METHODS 

Case Series and RNA Extraction 

Twenty-six samples of neuroendocrine rumors of the 
lung, in which fiesb frozen tissue was available, were 
retrieved from the surgical pathology fjJe of the Univer- 
sity of Turin, Italy. All samples were reviewed applying 
currently accepted criteria of cJassifjcation (4,40), and 
the neuroendocrine nature was con/inned by positive im- 
munostaining for chromoeranin A (CgA) (with or with- 
out antigen retrieval) or synapiophvsin, and by positive 
RT PCK for CgA mRNA. According lo tlie classi- 
fications described heic, these incJuded 15 well- 
differentiated neuroendocrine tumors (typical carci- 
noids), 6 weiNdifierentiaied ncujoendoainc carcinomas 
(atypical cajcinoids), and 5 SCCs. 

A series of 20 non-srnaD-ccIl )ung carcinomas (10 
squamous, 9 adenocaicinomas, and ] lajge-cell anaplas- 
lic) Jacking neiiToendocnne differ cniiation, as demonstrated 
by neoaiivc iirimunoJiisiocherMisti^v' and jR7'-PCR for CpA 
(I), served as a contiol ^;toup. Clinicopathologic data and 
fcJ)ow-up informritjon wcie obinincd for a]] panenis. 



For hybridization analysis, total RNA was extracted 
using the guanidine thiocyanate-cesium chloride method 
(5). The concentration of RNA, was estimated by spec- 
trophotometry, and RNA degradation was assessed by 
agarose gel elecorophoresis> as previously reported <37). 

Reverse Transcriptase Polymerase Chain Reaction 
for sst2 and Chroroogranin A 

Total RNA (2 p.g) was first (figested, with 10 units of 
RNase-frec DNase (Boehringer, Mannhcim» Germany) 
in a 10- pi solution contaimng 20 mmol/L MgClj, to 
. avoid DNA contamination. The soIurioD was kept at 
room lemperamfe fornO'iniDiitesrtben healed for 5 min- 
utes at WC to inactivate the DNase molecules; 40 
pmol/L of oligodeoxy thymidine primers (obg(>-dT16) 
were added and the solution was heated again at 70°C for 
10 minutes, then chilled on ice to allow the primer hy- 
bridization. The resulting Bolution was reverse tran- 
scribed using 100 um"ts of reverse transcriptase (Gibco 
BRL. Gaitersburg, MD). Complementary DNA (cDNA) 
was generated in a 50-^ final reaction volume contain- 
ing 50 mrool/L Tris-HQ pH 8.3. 75 romol/L KCl 3 
mmoi/L MgClj. 10 mmol/L dithiothreitol, 1 ntmol/L de- 
oxynucleotide triphosphates (dNTPs), and 20 units of 
RNasin (Proroega. Madison^ Wl). The solution was 
heated ai 37'*C for 90 minuieis. Finally, the enzymes were 
inactivated by heating to 70**C for 10 minutes. 

The efficiency of the reverse transcription was deter- 
mined by performing a PGR reaction having the 
microglobulin "housekeeping gene" as a target. PCR was 
carried out in a 10->jlL final reaction volume containing 
1 pL of cDNA template, 10 pmol of sense and antisense 
oligonucJeodde primers, 67 mmol/L Tris-HCl pH 8.8, 16 
ramol/L (NH4)2S04, 0.01% polysorbatc 20, 2 mmol/L 
dNTPs, 1 mmol/L MgCl2, and 0.5 units of Tag polymer- 
ase. Pj-MiCTOglobulin, ssi2, and CgA PCR reactions were 
performed using die same protocol a! the following PCR 
conditions: 35 cycles, each cycle consisting of denaturaiion 
at 94°C for 2 minutes, anneahng at 55''C for 1 minute for 
p2-m)cro£lobuhn, at 61 ""C for ssi2, and at 68°C for CgA; 
extension was perf ojToed at 72'*Cfor 1 minute. The primers 
used for RTPCR (9,1 1,2337) are reported in Table 1. 

The amph/ied fragments were run in a ]% agarose gel, 
containing .eihidium bromide. Strict precautions against 
contamination were underlaken (19) and negative con- 
trols (a no- tempi ale control and a noHreverse transcriptase 
control and disiiUed water lo replace the RNA) were in- 
cluded. The IWA extracted from an H716 neuioendooine 
colon carcinoma cell line, and from a neurohlasiorna (37) 
sei*ved as positive controls for CgA and ssl2, rc5]>ec lively. 

Antibodies 

Two di/fcicnr aniibodics spccifrc for ssi2 were ero- 
ployed: 'llie fiist one was a monoclonal antibody raised 
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Size ot PCR 
product (bp) 



Position 



Study 



B -microglobuRn sense: 5' ACC CCC ACT 

Kr^buKn antisense: 5' ATC TTC ^ CCT CCA TGA TG. 3 
^co^ 5' CA6 TCA TGA GCA TOG ACC GA 3' 

||[^ fml^^nse: 5' GCA AAG ACA GAT GAT GGT GA 3' 
CoA sense- 5' GCT CCA AGA CCT CGC TCT CC 3- 
S anl!^ense: 5' GAC C GA CJC TC6 CCT TTC CG 3' 



; PCR) polymerase chain reaction. 



in -thc Departmept of Pathology (University of Turin) 
^f^hc for an N-teTTDuaaLseflue^nce.of the__ssj2Jsbai£d- 



■■ em- 



i. by both A and B receptor isofonns). The octapepDde 
EPyyDLTS, conesponding to amino acids 35 to 42 of 

-: : the bumaB leceplor (and differing by one ainino acid 
him the mouse sequence), was synthesized, havmg a 
added to theN'ieimina). This sequence was similar 

;/:to-tbat used by other groups to produce polyclonal anti- 

'-■- tjbdies (17,18,27). This sequence was latber short but 

• iade it possible to avoid extensive homology with sstl. 
■? - 'ft addition, according to a genbank search using FASTA 
= ■ (28), this protein sequence is unique to human ssl2 and 
■ 'has a partial homology only with rat and human nuclear 
U^. riepior retinoid orphan nuclear- receptor-beu (a piotern 

" having nuclear localizabon). Three Balb/c mice were im- 
- iquniwyJ with ihc peptide conjugated lo Xeybole limpets 
hcmocyanin (KLH) (Sigma, Si. Louis, MO) following 
T' d)e standard procedure. After the first intrasplenic injec- 

• ti'on (100 |xg of protein) at time 0, the mice were innra- 
peiiioneally injected six times with the peptide-KLH 

• conjugate (150 fig) in the presence of Freund adjuvant. 
The )6activity of the sera from each animal was evalu- 

* ated using an enzyme-linked immunosbrbeni assay, us- 
.' ing the peptide coated onto the pJasdc. The bybridomas 
were produced by somatic fusion of immunized spleno: 
cyies with the mouse myeloma cell line Ag8.X 63.653; 
.... .fojiowing the standard .technique (21). Tbe monoclonal 
antibodies of interest were selected on the basis of the 
reactivity with die target peptide and with appropriate 
tissue sections: The latter included fonnalin-futed and 
. paraffm-erobeddcd sections of pituitary, gland and pan- 
aeatic islets and weje analyzed by means of iramuno- 
peroxidase siaiuing. Parallel control expeiimenis were 
also performed by siairiing serial secDons of these tis- 
sues, cminiDg the primary antibody oi with the preim- 
muue serum oi with ihe antibody pjeadsorbed with high 
cdncenuations (1 rog/mL) of the antigenic pepode. In 
addition, die selected roonoclonaj antibodies (coded 
.10C6 and lOG^X.boih of IgM isoiype, were furihci char- 
acterized by Western blotting. Membranes were prepared 
from stable uausfected CHrinese hamster ovary (CHO> 
Kl cells, individually cxpiessiug recombinant human so- 
uialoscitin reccploj-s (sstl to sst5). Wesrcvn blouin- was 
performed as previously descnbed (36). Tlic inonm:lonaj 
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antibody was used as culture supernatant at 1:3 dih)tion 
__fm^?, hours at room tempcratmie..in Tris-buffered saline 
(TBS), supplemented with 0.1% polysorbatc 20. Blots 
were washed in TTBS and incubated with peroxid.ase- 
conjugated goat antimouse IgM. diluted 1:1.500 for 90 
minutes at room temperature. Then, blots were washed in 
TTBS and immunocomplexes were visualized usiDg 
ECt following manufacturer's instructions (Amersbam, 
Bucks, UK). 

A second polyclonal antibody was produced that bad 
been characterized previously (35,36). This antibody 
(coded K:230) was raised in sheep and was specific for a 
sequence of the C-ienminal portion of the sst2A (KSRL- 
KETTETQRTLLNEDLQ, amino acids 347 lo 366). 

Imumnobistocbemistry 

Sections 4 or 5 p. thiclc, adjacent to those used for 
conventional histopathologic examination and immuno- 
staining for nemoendpcriJie markers, were collected onto 
poIy-L-lysine-coaied slides. The prolifaative activity of 
the tumors was assessed by means of K367 imnaunosta- 
nining (clone MDBl, Irmnunotecb, Marseille, France), 
diluted 1:10 after microwave-based antigen retrieval m 
citrate buffer). Tbe ascitic fluid of roouoclonal antibody 
10G4 was used in this study and was applied to tissue 
sections widi prior antigen retrieval (three 3- minute pas- 
sages in a.microwave oven at 800 W in ciuatc buffer pH 
6.0), at die dilution of 1:10,000 or 1:12,000 for 30 mm- 
uies at room temperature, tbe antiserum coded K230' 
was applied overnight at a dilution of 1:300 with no pnor 
antigen retrieval. The immune reactions were Oien re- 
vealed with the immunoper oxidase te<:hDique (13) using 
the sireptavidin-peroxidasc kit and diaminobeuzidine as 
chroraogen. A weak nuclear couniersiain or no counter- 
stain was used in parallel sections. Conuol siainings for 
both antibodies included iramunopei oxidase of serial 
sections using preimmune serum or antibody p>re ad- 
sorbed with the antigen or buffer instead of the priunary 
rintjbody. 

In Sim Jlybndizorion 

Selected tumors (12 samples) were also analyzed for 
sm2 rnRNA expression by means o/ a noniadioacuv&, 
tyiamide deposition-based JSl^iechnique. Hie procc; 
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dure of amplificatioD was modified from procedures re- 
ported by Kerstens et aJ. (16), SpecJ et al. (38). and the 
GenPoii)t (biorinyl-tyDamide) ijjaj]ufactuicr(Da)co, Glos- 
trup, Denmark). Briefly, 5- ^m- thick paraffin sections 
were collected onto silaiie-coaied slides and deparaf- 
finized through xylene and graded alcohols to phosphate 
buffer saline (PBS). The slides were then incubated foi 5 
miDuics in a microwave oven at 800 W in dtraie buffer 
pH 6.0, After washing in PBS» ihey were digested with 
proteinase K (l ^ig/mL) for 10 minutes at 23*'C. Endog- 
enous iperoxidase activity was blocked with 3% hydro- 
gen peroxide and endogenous bioiin was blocked using 
— ayidiiFblocfcrD g jea gcnt^Ofr- 15 minut^s-foHowed-l^ 
washing in PBS and biotin-blocking reagent for 15 niin- 
uies (3). Sectiojis were then prebybfidi^cd for 1 hour at 
room temperature in a mixture composed of 4x SSG, 
50% forroamide. Denhardt's Ix. dextrane sulfate 5x, 5(X) 
fig/mL salmon sperm DNA» and 250 ^tg/mL iRNA. Hy- 
bridization took place overnight ai 42*'C in a solution 
■ containing the sptci^c probe at a concentration of 1 
pmol/mL The probe was a digoxigenin-labejed 4 8- base 
oligonucleotide (32). complementary to positions 93 to 
339 of the human ssi2 gene (41). After hybridization,, 
excess hybridization buffer and coverslips were removed 
by a rapid wash in 4x SSC followed by striiDgent washing 
in O.lx SSC for 10 minutes at 42''C. Hie hybrids were 
jcvcaJed by the following incubation steps: peroxidase- 
labeled anlidigoxigenin (diluted 1:100 in PBS) for 30 
minutes at room temperature, bioiinyJaied tyramide (di- 
luted 3:5 in PBS) for 15 nainutes at room lemperarime, 
and peroxidase-labeled streptavidin for 15 minutes at 
room temperature. DiamioobenzidiDe was used as chro- 
mogen. Controls for 3SH included staining of serial sec- 
tions with sense probe, an unrelated probe (EBEK-I of 
the Epstein-Barr virus), and omission of the probe in the 
hybridization mixture, with all other experinjental Gon- 
dii ions identical to the procedure descjibed here. 
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Jleversc Transcriptase Polymerase Chain Reaction 

AD neuroendocrine tumors, but no nonneuroendocrir>c 
lung carcinomas, were positive for CgA mRNA (Fig. 1). 
Sst2 "mRNA was amplified in 22 of 26 samples of neu- 
roendocrine tumor. The signals had variable intensities 
(Fig^ 2) and were weak in moderately or poorly differ- 
entiated tumors (mostly in SCCs). No amplification was 
obtained in no- template or no-reverse transcriptase ex- 
periments. Control samples (nonneuroendocrine limg 
carcinomas proven by negative CgA RT-PITR) were 
weakly positive for sst2 in 5 of 20 samples only.(includ- 
ing 3 adenocarcinomas * J squamous, and the large-cell 
anaplastic carcirjoma) (Fig. 3). These, differences were 
statistically significant (P < 0.01) by test * 

Characterization of Monoclonal Antibodies to sst2. 

Several clones were identified having a positive bind- 
ing by enzyme-linked imraimosorbent assay and a par- 
allel immUDoreactivity' on formalin- fixed paraffin- 
embedded human endocrine tissues (pituitary and pan- 
crcaric islets). In Western blotting experiinents, rwo 
clones (coded 10C6 and 10G4) specifically developed a 
band at approximately 70 kDL When the antibodies were 
used against CHO-transfecied cells expressing recombi- 
nant soiriatostatin recepiors 1 through 5, a specific band 
corresponding to sst2 (ai, approxirrjately 70 kD) was re- 
vealed by the monoclonal antibody 10G4. Monoclonal 
antibody 10C6 developed a strong band with ESt2 but 
displayed a weaker re activity also with ssll, 3. and 5, at 
least in the present experimental conditions (Fig. 4 A.B). 
The same antibodies were also tested by means of im- 
rnunoperoxidase staining, on formaJin-fixed, paraffin- 
embedded samples of normal human pimitary gland and 
pancreas. Monoclonal antibody 10G4 gave good results 
in immunohiistochemistry and was used at increasing di- 
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I 2 3 4 5 6 7 8 9 10 IJ 12 13* J4 15 ]6 17 18 19 20 21 22 23 24 25 26 C C* M 
FIG. 1. Reverse lianscripiase polymerase chain reaction for chromograniri A (CGA) nnRNA 
in 26 samples ol neuroendocrine tumor ot the lung. (Slumbers in e&ch lane conespond to 
sample numbers in Table 2. CGA rr^RNA is amplified at 4?9 bp. C and C stand for positive 
(neuroendocrine colon caicincrno cell line, H716) and negative (distilled water) controls, 
respectively. The las! colurrjn to" the right represents the molecular vveighl mariner. All samples 
ate positive with a variable intensity of the arnplilication band.. 
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FIG 2 Reverse transcriptase polymerase chain reaction for sst2 mRNA in 26 samples of 
neuioendocrine tumor of the lung. Numbers m each lane correspond to sample numbersin 
Table 2. sst2 mRNA is amplified at 284 bp. C and C stand lor positive, (a ^^^^[oblastoma^ 
and negative {distilled Water) controls, respectively. The last column to the ^ '9^ 'epresente 
the molecular weight marker. Twenty-two of 26 samples are positive with a vanable Intensity 
of the Bmplificatiori band. • . 



ludoDS (upto 1:15,000) with specific siajnir)g. Using thin 

■ sections (approximately 4 pjn). a strong membrane- 
boiand and peiiphera) cytoplasmic immunoreactivity was 

' found in an adenohypophyseaj cell population {corre- 
sponding to growih bonnone- secreting cells, as con- 

■ firmed by double immunohistochcmical analyses) and in 
pancreatic islets (Fig. 4 CD). In the latter, the staining 
was apparently not restricted to a specific hormone- 
producing cell type and had a peripheral cytoplasmic or 
membrane distribution. Exocrine pancreatic cells (both 
acinar and ductal) were only occasionally imniuno: 
stained. IjnmunohisiochemistJ7 performed on serial con- 
trol sections, eid)er omining ihe primary, antibody or us- 
ing the preimmune serum or antibodies preabsorbed with 
the syndieiic peptide, was negative in both tissues. 
Monoclonal antibody 10C6 had a relatively higher back- 
ground staining at similar dilutions. 

lnunuj5obistocbem)str>* " 

The antibodies iossi2 (monoclonal antjbody lOG4 and 
polyclonal K230) gave slightly different inwpunoreac- 
lions in 25 samples, and staining was not done in J 
sample because of Jack of residual paraffin blocKs. The 
monoclonal antibody 10G4 stained 21 of 25 samples, the 



negadve samples being 1 aiypical carcinoid and 3 SCCs 
(Fig. 5). The mmors had 5% lo 25% of the neoplastic 
cell's immunoreactive. The staining was al die periphery 
of the cytoplasm, and onutting the counterslain its mem- 
brane-bound distribution was better outlined in most 
samples (Fig. 6). One sample of atypical carcinoid (no. 
21) was focally irruDunoreacnve for ssi2» despite nega- 
tive RT-PCR findings. Conversely, sample no. 26 was 
immunohistocheinisiry negative and RT-P(rR positive. 
The antiserum anti-ssi2A (code K230) gave positive sig- 
nal in 19 of 25 samples, in 5% to 60% of d>e neoplastic 
cell population (Fig. 7). The location of die staining was 
at the membrane level associated with a weak cytoplas- 
mic reactivity. The same paHem was seen in positive 
controls, e.g., panaeatic islets (Fig. 7, inset). Two 
samples (nos. 19 and 26) were negative in spite of a 
positive RT-PCR signal. Two oAer tumors (nos. 21 and 
-22), apparently devoid of ssi2 mRNA, showed a small 
percentage of immunoreactive cells. Incidentally, one of 
diese latter samples (no. 21) was also immunoreactive 
with monoclonal antibody lOGA (Table 2). 

The five control samples positive 'by RT-PCR were 
also reactive wid) the antibodies. The type of irnmuno- 
cyiochemical location of sst2 recepioi-s was similar to 
that described here, being a peripheral cytoplasmic slain- 
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FIG. 3. Revefse Jfsnscrtptase polymerase chain leaction for sst2 mRNA in 20 control 
samples ot nonneuroendocrine lung crircinoma. Five ot 20 soinples show a weak band at 
2BA bp corresponding to sst2 mRNA. Control columns (C ond C) are ident.cat to those (o 
Fro- 2. 
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FIG. 4. Western blol analysis of monoclonal antibody 
clones 1064 and 10C6 against sst2 in Chinese hamster 
ovary cells transfected with recombinant sst 1 through 5 
(numbers ol each column correspond to receptor type). 
Monoclonal antibody 10G4 shows a specific band at ap- 
proximalely 70 kD for sst2 only (A) as opposed to mono- 
clonal antibody 10C6, which strongly reads with sst2 but 
also has some degrees of cross- reactivity with sst 1 , 3, 
and 5 (B). The lower figures show control formalin-fixed 
paraffin- embedded pancreatic islets immunostained with 
monoclonal antibody 10G4 without (C) and with (D) 
preadsorption with the peptide antigen, respectively. The 
majority of endocrine cells show a membrane-bound im- 
murioreactrvity (C) (immunoperoxidase). Bar: 90 pm. 



ing present in 40% lo 70% of neoplastic cells. A weak 
and focal siaining was also observed in five of ibc re- 
majning RT-PCR-negaiive samples, when the antibody 
K230 was used (bm not when ifje monoclonal was em- 
ployed). 

Several cells in periiumora) lissncs were occasionally 
stained. Ciliated cells of brojichial mucosa had a periph- 
eral siaining at the cijia border. .Mucous glands were 
jtegalive. Kare chondrocytes had a membrane staining. 
The wall of pcriiumoral as well as of occasional distant 
vessels was srained at the endoLhelium level and in oc- 
casional smooth muscle celJs. 

. The reactivity "of boll) antibodies was abolished in se- 
rial sections when ihe reagents were preabsoibcd wiih 
the respective synihctic peptides, but not when an unre- 
lated peptide was used. The pen mm or a I bronchial mu- 
cosa had a foca] siaining of ciliated cells with boiii an- 
tibodies. 'Hiis I e activity disappeared when die picnb- 
soibed aniibody was applied. 



In Situ Hybridization 

Eight of 12 sampJes stained by ISH were positive for 
sst2 mRNA. The mRNA was present jd a percentage of 
cells (ranging from 10% to 40%) and gave a weak signal 
(Rfi. 8), despite the amplification provided by the tyra- 
mide-based procedure. The bacltground level was mini-, 
mal using diluted biotinylated tyramide. Control sections 
stained with sense probe or an unrelated probe, or omit- 
ring the probe, were coiisistently negative. 



Oinical Dati 



Qinicopathologic data are summarized in Table 2. At 
folJow-up, the njajoriry of patients with typical carei- 
noids are free from disease 1 to 1 1 years after stirgery. 
Two patients are aUve with stable metastatic disease. 
Patients affected by atypical carcinoids had disease pro- 
gression in one third of sampJes. Finally, patients with SCC 
had fatal outcomes within I year from diagnosis (except the 
recent sample). Eight patients had preoperative octreotide 
scintigraphy performed at the time of diagnosis. All patients 
had positive octrcoscan findings, *and, in thpsc patients, 
also the tumor was positive by RT-PCR and immu- 




FIG. 5. sample no. 25 (small cell carcinoma). Absence ol 
immonoreactivity for sst2 wiih the monoclonal This 
sample was also negative by reverse transcriptase poly- 
merase chain reaction and in situ hybridization, (tmmuno- 
peroidase in a forrnaliri-(r>ed paratfin^'embedded sample. 
NtKilet stightly counterstainetJ with heinatiim.) Bar: -15 prrt. 
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nohistocheimstry or ISH. In addiiion, three of these pa- 
tieDts received octreotide therapy administered at the 
ti0ie of rumor recurrence or metastatic spread. Stable 
disease is recorded at follow-up more than 5 years after 
diagnosis. 

Correlations 

OveralU complete overlapping (i.e., RT-PCR» ISH, 
and imraiinobistochemisiry with two antibodies) be- 
tween sst2 gene and protein expression was obtained in 
21 of 25 samples (84%) and between RT-PCR results 
^..^gidJjmimiujhisiDcbeiiiicalJind^ 
the antibodies in 24 of 25 samples (96%). The roonoclo- 
pal antibody 10G4 looked highly sensiiive. being able to 
stain all but one sample (no. 26) (95%) positive for sst2 
mRNA by RT-PCR. Ssi2 expression^ at mRNA as weU 
as at protein levels* was reduced in high grade tumors, 
with SCCs being weakly positive in only tv/o of five 
samples. Decreasing expression of ssi2 appears to cor- 




FIG. 6. sample no. 16 (lypical carcinoid). Immunohisto- 
chemica! detec»ion ol S5t2 by means ol monoclonal anti- 
body 10G4, The neoplastic cells have a peripheral cyto- 
plasmic staining and membrane positivity in some .cells, 
whereas the petibronchial gland adjacenl to the tumor is 
unreactive. (ImrrwnopefOfidase in a (ofmalin-tixed paraf- 
iin-ernbedded sample. Nuclei slightly counterstained with 
hematum.) Bar: 45 pm. The membrane- bound distribution 
ol the immunostaining is better outlined in a parallel sec- 
tion stained for monoclonal antibody 10G4 omitting'^ 
nuclear counterslnin (inset). 




FIG. 7. Same sample as in Fig. 6. Immunobislocbemical 
detection ol sst2 by means o( the polyclonal antibody 
K230. The immunostaining is more intense at the cell bor- 
der (arrows), as observed with the monoclonal antibody. 
In Ihe inset, a pancreatic islets used as positive control, 
shws a predominant membranorbound immunostajning ol 
many neuroendocrine cells. {Irnmunoperoxidase in a for- 
malin-fixed paraffin-embedded sample. Nuclei slightly 
counterstained with hemalunr>.) Ban 45 pm. 

relate with high tumor grade and elevated proliferative 
activity, but not with other parameters such sex. age» or 
tumor size. 

DISCUSSION 

In Ibis study, the presence of ssi2 mRNA has been 
demonstrated in a series of resected neuroendocrine ru- 
mors of die Jung by.means of RT-PCR aud confmned by 
a sensiiive nonradioactive lyramide-bascd ISH procedure 
and by immunohisiochernistry with anti-sst2 antibodies. 
Samples of both carcinoid tumors and SCCs were ssi2 
positive, aJthoueh a reduced, or absent signal was ob- 
sen*ed in poorly di/ferentiaied (smallrccll) carcinomas. 
This is the first study of sst2 expression in a relatively 
larse series of neuroendocrine uimois o/ the lung. Single 
samples oJ hurnajvcarcinoids and SCCs (including cell 
lines of ihc latter) had previously been analyzed and 
found to express sst2 (7 J 5.50,32,33,39/12). Severnl 
ineiliods have been used lo detect ihcsc receptors and 
paiiially ovei lapping resulis--\vere obtained. 

:!n Gie present study, the expression of his:h nrnonnis of 
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TABLE 2, Cltnfcopathologfc data and somatostatin receptor type 2 (sst2) expression m 26 cases of neuroendocrine 

' lung tumors 



Patient 






Size 


Follow-up 


CgA 


CgA 


SYP 


K»67 


sst2 


sst2 IHC 


• 

ssl2 IHC 


no. 


Diagnosis 


Sex/age 


(cm) 


(mo) 


JHC 


RT-PCB 


IHC 


IHC* 


RT-PCR 


Mab(1Do4) 


(fs230 PJb] 


1 


WD NET 


F/35 


33 


NED 90 


+ 


+++ 


+ F 


1.5 


++4- 


4 


+ 


2 . 


WD NET 


F/29 


4 ' 


NED 45 




+4 


+ F 


3 


++ 


+ 


+ 

+ F 
+ F 


3 


WD NET 


'F/41 


25 


NED 70 






+ 


0.1 


+4+ 


•+ 


4 


WDNETt 


F25 


4 


NED 21 


+ 


++ 


+ 


2.6 


4++' 


■ .■ + P 


5 


WD NCTt 


WSB 


3-8 


NED 23 


+ 


+ +4 


+ 


13 


+4+ 


+ F- 


+ 

+ F 


6 


WD NET 


W52 


2S 


NED 42 


+ 


+4 


4 


- 4.5 


44+ 


4F . 


7 


WD NET 


F/69 


3.5 


NED 47 


+ 


44 


■ + 


1 


4 


*4 


+ 


B 


WD NET 


M/29 


3 


NED 70 




4-f-f 


+ . 


1.5 


4++ 


"4 


+ 




WD NET 


M/27 . 


4 


NED 108 


+ 


44+ 


+ 


NT 


+4+ 


4 


4 


10 


WD NE Cat 


M/66 


B 


AWD 55 




+4 


+ r 


1. i 




4 F 




11 


WD NETl 


F/29 


2 


A WD 56 


+ 


444 


• 4 


2J5 


44+ 


4 




12 


WD NET 


F/32 


3 


NED.26 




44 


+ 


4 " 


4++ 


4 


+ 


13 


WD NE Ca 


M/60 


3 


NED 133 


+ 


+44 


4 


1 


+++ 


m 


WT 


14 


WD NET 


W2B 


4 


NED 130 




4-44 . 


4 


1 


+++ 


' 4 


4 


. 15 


WD NET4 


M/41 


1-3 


AWD 53 




44+ 


4 


1.5 


+++ 


+ 


4 


16 


WD NETt 


F/31 


1 


NED 13 




4+ 


++ 


2.6 


+ 


4 


4 


17 


WD NET 


F/53 


4 


NED 24 . . 


. + 


44 + 


4F . 


4 


+++ 


4F 


4 


18 


WD NECa 


M/62 . 


3 


NED 6 




++ 




13 


+++ 


4 


4F 


19 


WD NE CA 


F/73 


5 


DOD 20 


+ 


+++ 


4 


3 


++ 


4 




20 


sec 


M/57 


6 


D0D12 


+ 


+4 


4 


45 


+ 


+ F 


+ F 


21 


sec 


M/51 


4.5 


DOD 5 


+ 


+ 


4 


35 




+ F' 


4F 


22 


WD NE Ca 


M/60 


6 


NED 51 


+ 


-f + 


+ 


1.5 






+ 


23 


sec 


F/56 


6 


DOD 11 




4 


" 4 


50 








24 


WD NE Ca 


KV77 


2.5 


NED 21 


■ + 


4 


4 


24 


+ 


+ F 


+ F 


25 


sec 


M/57 


5 


DOD 10 


+ 


++- 


44 


80 








26 


sect 


M/68 


.11 


recent case 


+ 


4 


4+ 


71 


+ 







AWD, alive wilh disease; CgA chromogianin A; DOD. died of disease; •* F, focal: positive in <5% of celb; )HC; Immunohistochemislry; 
Mab. monoclonal antibody; NECa, Neuroendocrine carcinoma; NED, no evidence of disease; NET, neuroendocrine tumor; NT, not tested; 
RT'PCR. reverse transcriptase polymerase chain reaction; SCC, SrT>al)-ceII lung carcinoma; SYP, synaptophysin; Wp, well differentiated. 
. • Ki67 iHC; values cP"espond lo percentage of positive nuclei of neoplastic cells. 

t Patients who had preoperative octreoscan performed. 

i Patients who had octreoscan performed and octreotide treatment. 



sst2 nxRNA was confirmed in weJJ to rabderateJy differ- 
entiated neuroendocrine tninors, in agreement wilh the 
resuJls obtained by Renbi el aJ. (32) by naeans of radio- 
active ISH. The presence of ssi2 mRNA in SCC had 
never been reported in human specimens, e;ccepl for iwo 
sajnples incinded in Reubi el a]/s series (32). Alihongh 
the data on celj Oines support the observation lhat SCCs 
contain sst2 (42), shgbOy discrepant iesu]ls were found 
in some of samples described here, UnforttinaleJy, SCCs 
are rarely operated on, and therefore it is difficu]! to 
coJJecl a large number of sxu gica) specimens. The five 
samples studied in the current series by nreans of RT- 
PCR had a Jow amount (two samples) or abscrit (three 
samples) sst2 mRNA. This could be the result of the 
extensive necrosis commonly present in such rumor 
types. However, because care was taken to freeze frag- 
ments that were macr05copica))y devoid of necrotic ar- 
eas, a more likely hypothesis is that ssi2 expression is 
reduced in poorly differentiated tumors. Recenily, Reis- 
inger ct al. (29) 6howed that the uptake of somatostatin 
analogues in patients with SCC undergoing cheino- 
iherapy is significantly lower, and therapeutic external 
faclOi's~jnay rdicct ihc receptOT status of individual ru- 
mors. In addition, ihe uptake of somatostatin analogues 



in metastatic deposits of SCC has been shown to be low 
or absent (29^), The present findings suggest that the 
■sst2 mRNA content is related to the degree of tumor 
differentiation. These data must be confirmed in lairger 
series of nonneurbeDdociine tumors to ascertain whether 
the observed loss or deaeasc of *ssi2 expression in neu- 
roendocrine rumors is a common- event linked to neo- 
plastic dediffereniiaiion. In addition, further studies arc 
needed to assess the functionality of such receptors, by 
comparing the profile of sst2 expression in tumor tissues 
with binding assays employing labeled somatostatin and 
with the clinical response to diagnostic and therapeutic 
adminisiration of somatostatin analogues. 

To this purpose, several investigators have demon- 
strated a correlation between cliirical imaging or re- 
sppnse to somatostatin analogne treatment, and sst2 
mRNA content in single. samples of carcinoid rumors 
(15,22). Norlhcj-n blotting and ISH weie the techniques 
used for 5St2 mRNA identification. This kind of corre- 
lation is useful for selecting patients for somaiosiaLin 
analogue treatment, allliough tlie demonstration of rccep- 
loj mRNA in a cell docs not imply per se thai the recep- 
tor is fully functional. 

The pjcsenl study lelicd on a highly sensitive lech- 
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-FI6. .B* sample no.- -1-1 (typical carcinoid), In^iHhybnd- 
izalion (ISH) for sst2 mBNA shows a weak cytoplasmatic 
staining (A) in most lurnor cells.. An ISH performed with an 
unrelated probe was negative in a serial section of (he 
same tumor (B). This , sample was strongly positive by 
reverse transcriptase polymerase chain reaction for sst2 
mRNA and by tmmunohistochemislry. ( Nonradioactive - 
ISH revealed by peroxidase and diaminobenz idine, as 
substrate. Nuclei counterstained with hemaJum.) Bar: 
75 pm. - 



*. nique, RT-PCR, to ideniify all sampJes bearing even 
' sina)] amounls of ssl2 mRNA. Indeed, in a previous 
study» single sampJes exhibiting octreotide- binding sites 
' had no demonsuable sst2 mRNA by means of ISH, pos- 
. sibly due to the Jow sensitivity of the ISH procedure (34). 
The RT-PCR has shown ssi2 mRNA transcripts in the 
majority of samples here snidicd. Only four sampJes 
were negative, alt belonging to poorJy differentiated high 
grade tumors, which usually follow an aggressive course. 
A decrease of ssi2 mRNA expression in association with 
neuroendocrine rumor dediffereniiation had also been re- 
ported in neuroblastomas (37). In the above report, as 
well as in the cuneni smdy, samples having an unfavor- 
able prognosis were found lo contain a relatively low . 
amouDi of ssl2 mRNA, as compared with well- 
differentiated rumors. 

In the current sample series, eight samples were in- 
vesDgated before smgery wjih radiolabeled octreotide. 
Despite the low fjguies, all the samples positive at the 
diagnostic procedme bad a strong RT-PCR signal for 
sst2 mRNA. Thiee of eight patients were also responsive 
to octreotide ueaaneni administered ai dje time of je- 
-'apse or metasratic spread. More extensive correlau've 
ciinicopathoJogjc smdies on the sst starus are needed to 
better defme the tissue disiribuiion of somaiostaiin bind- 
ing sites and their potential clinical role in the neatment 
of patients. 

Sst2 evalnaiion.hy means of JSH (J4,32) or RT-PCR * 
(26,37) IS a highly sensitive and reliable pvoccdurc. Un- 
fortDnately, Oicsc it;chijiqnes have limiiatjo/js because 
frozen tissue is needed for some of rhern, and r;idioriCtivc — 
^ateiial or cosily and (mie-consuniing methods aie nec- 



essary for others. Immunohislodbcmica) analysis of sst2 
by means of specific antibodies represents an ideal, 
cheap, and rapid aJtiemative, easiJy applicable to archival 
material. For these reasons, several investigators have 
raised polyclonal antibodies specific foc sst (8^0,15,17, 
18). In the current study, tested tumor fragments adjacent 
to those snap frozen for RT-PCR analysis were tested 
with a polyclonal antibody against a C-terminal portion 
of the sst2A splice variant (35,36). In addition, .a mono^ 
clonal antibody was produced in the Department of Pa- 
thology (University of Tiuin) against an N-ierminal se- 
quence of the human sst2. This antibody was the jRrst 
monoclo n al devel oped against sst2 and was shown to be 



highly specific for ssi2 in Western blot and immunohis- 
tocbenrucal analysis. Bodti the monoclonal and the poly- 
clonal antibodies specifically reacted with all. samples 
also positive by RT-PCR (with raaiior discrepancies in 
two sampJes, likely due to rumor heterogeneity). The 
observed correlation berween RT-PCR and immunohis- • 
locbemistry indicates that the latter may be a reliable 
diagnostic tool and may allow immunohisiocbemical in- 
vestigation for sst2 even in snaall biopsy samples. This in 
turn may enable a rapid screening of sst2-positivc .tuii)ors 
for haedical treatment with somatostatin analogues. 

Having confinned in a relatively large series that the 
vast majority of neuroendocrine tumors of the lung con- 
tain variable amounts of ssi2 mRNA, a final comment is 
deserved for ssl2 expression in nonneuroendocrine lung 
carcinomas. No data have been reported thus far in the 
literature concerning normal human Jung, although in the 
present smdy some bronchial ceUs of peritumoral paicn- 
chyma were positive for ssl2 when Lmmunohistocbcmi- 
cal analysis was performed with either antibody. The 
staining was specific tjecause it was abolished using pre- 
absorbed antibodies. Therefore, it is likely that normal 
human Jung tissue contains ssi2.- This might be con- 
firmed by aJteinative techniques (e.g..' Wcsiem blot, RT- 
PCR), However^ in situ ruojpboJogic procedures, such as 
those employed here, have definite advantages. In fact, 
the lung is rich in vessels,- and in several tissues (either iii- 
tumoral or in inflanunatory- re active conditions) the ves- 
sels were recently shown lo contain sst (6). 

A low expression of sst2 was found in 25% of lung 
carcioocias of nonneuroendocrine type investigated in 
die present study by means of RT-PCR. Therefore, sst 
type 2, at least, does not appear to be extensively ex- 
pressed in nonneuioeodocrine carcinomas of tlie lung. 
However, because two tumors in the control group (a 
squamous carcinoma and jin adcnocajcinoma. respcc- • 
lively) had positive ocueoiide scintigraphy, but no sst2 
inRNA, it is plausible that a heterogeneous disDit^ulion 
of ssi occurs in nonneuroendocrine lung tumors. Other 
receptor types may be ex pi esse il in ihcsc tumors and may 
be responsible for die positive results iii dingnostic lesi- 
ino. Because ssi5. is also known lo bir)d sonratosiaiin 
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analogues, such as octreotide, with high affinity (24), the 
expjession of this leceptoi type will be investigated in 
fotvre studies. □ 

Acknow)edgn»ents: Tbc authois are grateful to l>r. P.L. 
Filosso (Tuiin) for clinica) data, to Mis. M. Ccrraio and JyJiss S. 
. Solero for sldDlfTLil jechnicaJ help, and to Mr. A. Giua for the 
photographs. 



REFERENCES 

1 . Abbona GC, Papoai M, Vibcni L. Macri L, Stella A, BussoJati G. 
CbrCMrpogTanin A cxprcssioD in npn-smaU ctU Jung ca/cmo- 

roas. J PaM 1 998;l 86:1-6. ^- 

2. Bejcngcj N, Moicni JL. Boaziz C, Vigntjon H jMoicjc JF, Brcan 
JL, Somatosudp jcccptox imaging in sjnaD cclJ lung canca. Eur J 
Omcer )9?6;32:I429^31. 

3. Bussoiali G, GugKoila P, VoJanicM, Pace M, Papoiu M. Retrieved 
endogenous biodn: a novel maiker and potcDtial pitfaD in diag- 
nostic immDnohisiocbcjnisiry. Hisiopaihohgy ]997'JihA(Xy-yl 

A. Capefla C Hciii PU, Hofler H, Solcia E. KJoppt) G. Revised 
cJa5sificaDoo of neuroendocrine turoofs of ihc lung, pancreas and 
gut Virchow Arch 1995;425:547-60. 

5. Cbirgwin JM, Przybyla a£. Mac Donald RJ, Ruder Isolation of 
biologically active RNA frorn sources enriched in ribonuclcasc. 
Biochemisny 1 979;1 8:5294-7. 

6. Denzler B, Rcnbr JC. Expression of soroaiosiaiin reccpiors in pcri- 
turaoral veins of human n>nx>rs. Cancer 1999;85:J89-98. 

7. Fujila T, Yamaji Y, Saio M, Murao K, TaJcabara J. Gene expres- 
sion of soinaiostatin receptee subtypes, SSTRl and SSTR2, in 
human lung cancer ceD lines. Ufe Set I994;55:J797--806l 

8. Gu WZ> Scbonbrurm A. Coupling specificiiy bcnvecn somatostatwi 
receptor s5t2A and G f»oicins: isolation of the reccpior-G protein 
complex wnth a jccepior antilxjdy. Mot Endocrinol ]997;Jlp27- 
37. 

9. Gussow D, Rein R. Ginjaar 1, Hocbstcnbach F, Scemann G, Kotl- 
man A, Floegh HJL Tbc human beta 2-micjoglobuljn gene: pri- 
mary structure and definition of ibc transciiprionaJ unit J Immunol 
]987;J 39:3 132-8. 

10. Helboe L, Moller M, Noircgaaid Schiodt M. Sudsen CE. De- 
velopmenl of selective antibodies against the buroan somaiosLano 
receptor subtypes S5l]-ssi5. Brain Res Mol Brain Res 1997;49: 
82-8: 

n. Hclman Ahn TG. Lcvinc MA» et al. Molecular cloning and. 
pimary struchnc of human cbroroogranin A (secretory protein I) 
■cDNA. J ^w/ CAcm 1988,263:1 1559-63. 

12. Hoftand U, Liu Q, Van Koetsvdd PM. ct al, Jmmunohislocbcii>- 
ical detection of somatostatin receptor subtypes sstl and sst2A in 
human somatostatin receptor positive tumors. J Clin Endocrinol 
Metab]999'M:T75'B0. 

13. Hsu SM, Rainc L, Fanger H. Use of avi dine -peroxidase complex 
(ABC) in immunoperoxiidase techniques: comparison between 
ABC and unlsbclled antibody (PAP) procedures. J his toe hem Cy- 
tochcm )98l;29:577-80. 

14. Janson ET, Gobi A. Kalijic KM. Ober^ K. A comparison between 
the tfTicacy erf somatostatin icccpior sciniigrapby and that of in situ 
hybrldiiaiion for somarostaiin jcceptor subtype 2 rocssertgcr RNA 
lo predict ihciapcuiic outcome id caicboid patients Cancer Res 
1996;56:2561-5. 

15- lanson ET. Stridsbeig Gobi A, WcsUin JE, Oberg K. Deicrnxi- 
notion of somoiostaiin receptors subt^'pe 2 in carcinoid mmors by 
immUDohistochtmical uivcjiigaiion ^vjih somatostatin receptor 
subtype 2 antibodies. Cancer Re} l998;58;23;5-8- 

16. Kcrsiens HMJ, Poddighe PJ, Hansclaar AGJM. A novel in situ 
hybridization signal amplincatjon mctl)od ba.srti on the deposition 
of bioiinylatcd ty ram inc. J }ii.\to(hcm Cpochem 1995; 43.347-52. 

17. Kj-iich B. Fcindt J. Mcntlpin R. IrninuDDcItcuonmirxotcopic 
analysis of die li^and-indoccd ijiteniab?..3(ioD (A ibc toinaiosiin 

Diain Mol raihot. Vol 9. r^o.-/.'J0(<0 ' ■" l'~ 



rccepior subtype 2 in cultured human glioina cells. J Histpchem 
. Cytochtm 1998.46:1233-42. 

18. Kumar U, Laird D, Siiltant CB, Escbei E Patcl YC. ExprtssiOD of 
the five somatosiatin rcceptois (SSTR 1-5) subtypes in ral pmitary 
somalotrophts: quantitative analysis by doohle-JabcJ imrounofb- 
orcsceoct confocal microscopy. £ndocrinoh$y 1997;138:4473-<l 

19. Kwok S. Higuchi R. Avoiding false positives wUh PCR- Namrt 
1989;339:237-8. 

20. Lamberts SWJ. Hofland LJ, KoclsvcJd PM» RtuW JC, BroirnDg. 
HA, Baklier WH, Krennin? EP. ParaMe) in vivo and in vitro de- 
tection of functional somatostatin icceptors io human endocrine 
pancreatic luinors: consequences with regard to diagnosis, local- 
ization and ther^y: 7 Clm Endocrinol MetoB 1990;7 1:566-74. 

.21. Malflvasi F, Funaro A, Bellonc G, ct a). Functional and molecular 
cbaraclcrizBlrOD by the CB04 monoclonal antibody of a cell surface 
.sirocrorc exerting C3-complcjDeni reccpior activity, J Clin Itrvnu- 
OQLm^'JrA\2~3Q. 

22. Nilsson O, Kolby L, Wangbcrg B, et aL Comparative studies on the 
expression of somatosiatin receptor subtypes, outcome of octreo- 
tide scintigraj^y and response to octreoticfe treatment in. patients 
with carcinoid tomonrs. Br J Canctr 1998;77;632-7. 

23. Pagani A, Fomi M. Tonioj GP, Papotti M, Bossolati G. Expression 
of members of tbc chromogranin faxmiy in pntnary ncuroblaslb- - 
mas. Diagn Mol Pathol 1992;1:16-24. 

24. Paneita R» Greenwood MT, Warszyruilui A, el al Molecular clon- 
ing, functior>al characterization and chromosomal local iiarion of a 
human somatostatin reccpior (somatostatin receptor type 5) with 
preferential affmily for somatostatin-28. Mol Phcm^col 1994;45: 
417-27. 

25. Papotti M, Mficri Bussolati G» Rcubi JC Conclative study oh 
neuroendocrine differ eritiation and presence of somatosutin icccp-. 
tors in breast carcinomas. Ins J Cancer 1989;43:365-9. . 

26. papotti M, Macri L, Pagani A, Aloa F» Bussolati G. Quantitation ol 
somatosiatin receptor type 2 in ncmocndocrint (Mcrkel cell) car- 
cinoma of the sbn by competitive RT-POL Endccr Poihol 1999; 
10:1-10. . 

27. Paiel YC, Panena R, Eschcr E, Grrcowood M, Srikant CB. Ex- 
pression of multiple sorrxatostatin receptor genes in AiT-20 cells: 
evidence for a novel somatosiarin-28 selective receptor subtype. J 
Biol Chem 1994;269:1506-9. 

28. Pearson WR, Lipman DL Improved tools- for biological sequence 
comparison. Proc Natl Acod Sci USA l988;85:2444-8^ 

29. Reisinger I, BohuslavizJti KH, Brenner W» ct al Sconatosiatin re- 
ceptor scintigraphy- in smallTCcll lung car>ccr: results of a multi- 
center study. J Nucl Med 1 998:39:224-7. 

30. Rcubi JC, KappeJer A; Wsacr B. Laissoe J, Hipfcuo RW. Schon- 
bruTU) A. Immunohisiocbejitical localization of somstosutin recep- 
tors ssl2A in human nunors. Am J Pathol 1998;] 53:233-45. 

31- Reubi JC, Mawer R. von V/crdcr K, Torhorsi J, KJijin JGM, Lam- 
bens SWJ. Somaiosutin TcccjHors in' human endocrine tumors. 
Cancer Res l'987;47:551-8. 

32. Reubi JC, Schacr JC. Waser B. Mengod G. Expression and local- 
ization of somatostatin receptors SSTO), SSTR2, SSTR3 messen- 
ger RNA in primary human rurrrors using in sini hybridisation. 
Cancer ;?« 1994:54:3455-9. 

33. Rcubi JC, Waser B. Sbeeppard M, Macaulay V, SomaiosiatiD rc- 
ccptoi7 are present in small-cell but rmi in non-small -cell primary 
lung carcinomas: relationship to EGF receptors. Jnt J Cancer 1990; 
45:269-74. 

34. Scbaci JC, Waser B, Mcnsod G, Rcubi JC Somaiostntin lecepiors 
subtypes Sit], 5st2, 5si3 and ss\5 expression in human piruiiar)'. 
gasnoenicjx>-parjcieatic and mammary tumors; comparison of 
mRNA analysis wiUi jtccpior aotoradioeraphy. /nr J Carte er 1997; 
70:530-7. ■ ^ . ^ 

55. Schindlcj M, HoJlotvay S, Humphrey PPA. Waldvogcl H, FauH j 
RLM, Berber W, Emsou PC. Lcxralizaiion of the s.om?tosiaun iVi23 I 
jeccploi in human cerebral concx. hippocampus and ccrcbcUmn. j 

■ Neurorepon 1 9P8;9:5'2J-5. | 

56. Schindlci M, SclJcrs LA. Humphrey PPA. Emson PC. Lnintmo- j 
histocbemicnJ locrJizoijon of ihc somatosuilin ssi2(A) icccptoi in j 
Oie rai bi-ahi nnd sp"tn:ij coid. Nen'to^ciencc ) 99?;76;2?5-*tO. \ 

37. ScstiDi R, Oil.intto C. Pcxi A. ei aj. Ouaj>iifK ation of soninioMniin J 



SOMATOSTATIN RECEPTOR TYPE 2 JN NEUROENDOCRINE LUNG TUMORS 



57 



receptor lype 2 gent oprtssion in neurobJasioiiB- ccIJ Bnci and 
priniaiy tumors osing. compctjiivc reverse transcripiion-pojif- 
mtr2St chaip reaction. Clin Cancer Res J996;2:J757-65. 

38. Spcel Saicmasliini P, Roth J, Herman AHN, KoimiuDOth P. 
inipfovcd mRNA in sinj hybri^zation on Xounaldehyde-fixcd and 

• paraffin-embedded tissue using signal ampJificaiion with different 
bapienizcd tyranridcs. Bhtochtm CeU Btol 1998;420:1-7. 

39. TayJoT JE. Tbevcniau MA, Bashirzadeh R, Reisinc T, Eden PA. 
Dcicction of somaiostatiD receptor subtype 2 (SSTR2) in estab- 

' lisbcd tuiDOis and luroor cell lines: evidence for ssi2 heterogeneity. 
PeptiBts }994;)5:J229-36- 



40. Travis WD, Gal AA. Colby TV, Klimslra DS. Falk R, Koss MN. 
Reproducibility of neuroendocrine hing lumoi classificalifin. Hum 
/>oiW 1998;29:272-9. 

41. Yittnada Y, Post SK Wang K, Tagcr H, BeU GI, Seino S. Oonipg 
and functional characterizadon of a family of buznan and mouse 
somatostam) receptors expressed in brain, gastrornttsDnal tract and 
Icidncy. Biochemistry J992;89:25I-5. 

42. Zhang CY, YoXogosM Y, Yoshimoto K, Fnjinaka Y^ Matsumoto 
K, Saito S. Point routaiioD of the soinstosiaiiD rtccpior 2 gciic in 
the human small cell lung cancer cell line OOR-L103. Bicchan 
Biophys Res Commun }995:2}0:SQS~}5, 



150: Virchows Arch. 2002 May;440(5):461-75. Epub 2002 Mar 23. Related Articles, Links 



Expression of somatostatin receptor types 1-5 in 81 cases of 
gastrointestinal and pancreatic endocrine tumors. A correlative 
immunohistochemical and reverse-transcriptase polymerase chain 
reaction analysis. 

Papotti M , Bongiovanpi M, Volnnte M . Ailia £ , Landolfi S . Helboe L , Schindler M . 
Cole SL . Bussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Via Santena 7, 
10126 Turin, Italy, mauro.papotti@unito.it 

Somatostatin receptors (SSTRs) have been extensively mapped in human tumors by 
means of autoradiography, reverse-transcriptase polymerase chain reaction (RT-PCR), in 
situ hybridization (ISH) and immunohi'stochemistry (IHC), We analyzed the SSTR type 
1-5 expression by means of RT-PCR and/or IHC in a series of 81 functiorung and non- 
functioning gastroenteropancreatic (GEP) endocrine tumors and related normal tissues. 
Moreover, we compared the results with clinical, pathological and honnonal features. 
Forty-six cases (13 intestinal and 33 pancreatic) were studied for SSTR 1-5 expression 
using RT-PCR, IHC with antibodies to SSTR types 2, 3, 5 and ISH for SSTR2 mRNA. 
The vast majority of tumors expressed SSTR types 1 , 2, 3 ajid 5, while SSTR4 was 
detected in a small minority. Due to the good correlation between RT-PCR and IHC data 
on SSTR types 2, 3, and 5, thirty-five additional GEP endocrine tumors were studied with 
IHC alone. Pancreatic insulinomas had an heterogeneous SSTR expression, while 100% 
of somatostatinomas expressed SSTR5 and 100% gastrinomas and glucagonomas 
expressed SSTR2. Pre-operative biopsy material showed an overlapping 
immunoreactivity with that of surgical specimens, suggesting that the SSTR status can be 
detected in the diagnostic work-up. It is concluded that SSTRs 1-5 are heterogeneously 
expressed in GEP endocrine tumors and that IHC is a reliable tool to detect SSTR types 
2, 3 and 5 in surgical and biopsy specimens. 
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P-cadheriaoverexpression is an indicator of clinical outcome in invasive 
breast carcinomas and is associated witb CDH3 promoter 
liyponictliylation. 

Par odes J, A[bergaria A , Onveira JT . JcronimoC Milanczi F . Sclimitt PC . 

[nstitute of Pathology aiid Molecular Immunology of Porto LTniversity (fPATIMUP), 
Braga, Portugal, jparedes@ipatimup.pt 

PURPOSE: P-cadhcrin overexpression has been reported in breast carcinomas, where it ^ 
was associated with proliferative higli-grade histological tumors. This study aimed to 
analyze P-cadherin expression in invasive breast cancer and to correlate it with tumor 
markers, pathologic features, and patient survival. Another purpose was to evaluate the P- 
cadherin promoter methylation pattern as the molecular mechanism underlying this gene 
regulation. EXPERIMENTAL DESIGN: Using.a series of invasive breast carcinomas, P- 
cadiierin expression was evaluated and correlated with histologic grade, estrogen 
receptor, MIB-l, and p53 and c-erbB-2 expression. In order to assess whether P-cadherin 
expression was associated with changes in CDH3 promoter methylation, we studied the 
methylation status of a gene 5'-flanking region in tliese same carcinomas. This analysis 
was also done for normal tissue and for a breast cancer cell line treated with a 
demethylating agent. RESULTS: P-cadhenn expression showed a strong correlation with 
high histologic grade, increased proliferation, c-erbB-2 and p53 expression, lack of . 
estrogen receptor, and poor patient survival. This overexpression can be regulated by 
gene promoter methylation because the 5-A2a-2*-deoxycytidine treatment of MCF-7/AZ 
cells increased P-cadherin mRNA and protein levels. Additionally, we found tliat 71% of 
P-cadherin-negative cases showed promoter methylation, whereas 65% of positive ones 
were unmethylated (P = o:005). The nomal P-cadherin~negative breast epithelial cells 
showed consistent CDH3 promoter methylation: CONCLUSIONS: P-cadherin expression 
was strongly associated with tumor aggressiveness, being a good indicator of cliaical 
outcome. Moreover, the aberrant expression of P-cadherin in breast cancei: might be 
regulated by gene promoter hypomethylation. 
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Mamuiai y-derived growth iohibitor protciu and messenger riboaucleic 
acid concentrations in different physiological states of the gland. 

PoHtis r , Gorcvvit RC , MuUer T. Grossc R . 

Department of Animal Science, Cornell University, Ithaca 14853. 

Expression of mammary-derived grovvtli inhibitor in tissue from iactating and involuting 
bovine mammary glands was investigated. Seventeen Iactating, pregnant (220 to 272 d in 
gestation) cows were divided in two groups of 8 and 9 cows each. Cows of the first group 
were slau^tered while in lactation. Cows of the second group (9 involuting cows) were 
slauglUered at 13 to 52 d following sudden cessation of milking. High concentrations of 
mammary-derived growth inhibitor (.63% of the total protein) were detected in mammary 
tissue of Iactating cows. Mammary-derived growth inliibitor (less tlian .10% of tiie total 
protein) was dramatically reduced during most of the involution period (1 3 to 45 d 
following cessation of milking). Mammary-derived growth inhibitor was again detected 
(.28% of the total protein) during the last stage of the involution (46 to 53 d after 
cessation of milking), which coincided with colostrum formation. When steady state 
concentrations of mammary-derived growth inhibitor mRNA were examined, the results 
obtained mirrored those obtained at the protein concentration. These data suggest that 
regulation of manmiary-derived growth inhibitor occurs via modulation of the steady 
state concentration of its mRNA. Furthermore, there is a strong correlation between 
mammary-derived growth inhibitor expression and lactation in dairy cows. 
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T-cell reccptor V beta-family usage in primary cutaneous and primary 
nodal T-cell non-Hodgkin's lymphomas. 

Preesman AH , Hu HZ, TManus MG . deGeus B Schuurman HJ. Reitsma R. van 
Wiclien DF . van Vloten WA . de Weger RA . ' 

Department of Pathology. University Hospital Utrecht, The Netherlands. 

To evaluate whether the expression of T-cell receptor (TCR) V beta families in eight 
cases of malignant T-cell lymphomas took place in a preferential manner, we analyzed 
four cases of mycosis fxmgoides (MF), the most common form of primary cutaneous T- 
cell non-Hodgkin's lymphomas (NHL), and four cases of primary nodal T-cell NHL. The 
usage of V beta families in T-cell populations was investigated on mRNA that was 
transcribed tocDNA using a C beta primer and reverse transcriptase. Subsequently, the 
specific usage of the families was analyzed by polymerase.chain reaction (PGR) using 
combmations of the selected C beta-oligonucleotide primer and one of the family-specific 
y beta primers. Peripheral blood lymphocytes fi-om four healthy volunteers and 1 
"reactive" lymph node served as a control and expressed all 20 V beta families tested for. 
In T-cell Imes, with restricted V beta expression, and in three patients with advanced MF, . 
only one or two V beta families were expressed at die mllNA level. In an early MF lesion 
this monoclonal expression was absent: several V beta families were expressed with a 
weak intensity. This may indicate either a polyclonal origin of MF, or that too few 
monoclonal neoplastic cells were present in the tissue specimen. In the four nodal T-cell 
NHL, only one family could be clearly distinguished, whereas some of the other V beta 
families showed only a weak expression. These latter families represent the reactive T- 
cell component in Uie nodal T-cell NHL. Both in nodal T-cell NHL and in MF there was 
no preferential expression of a parUcular V beta family Tliere was a good correlation 
between PGR data and the expression of V beta-family protein products observed by 
immunohistocliemishy on tissue sections of the T-cell lymphomas. All T-cell lines, three 
cases of MF, and three cases of nodal T-cell NHL showed a rearrangement of the TCR 
beta chain on DNA level. 
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Matriliu-3 iu humau articular cartilage: increased expression ia 
osteoarthritis, 

Pum£_0, Wcseloti G . Klatt AR . Wegener R, Swoboda B . 

Division of Orthopaedic Rheumatology, Department of Orthopaedics, University of 
Eriangen-Nuremberg, Rathsbcrger Stn 57, D-9 1 054 Eriangen, Germany. 
oliver.pullig@med.uni-erlangen.de 

OBJECTrVE: Matrilin-3 is a member of the recently described matrilin family of 
extracellular matrix proteins containing von Willebrand factor A-like domains. The 
matrilin-3 siibunit can form homo-tetramers as well as hetero-oligomers together with 
subunits of matriiin-l (cartilage matrix protein). It has a restricted tissue distribution and 
Is strongly expressed in growing skeletal tissues. Detailed information on expression and 
distribution of extracellular matrix proteins is importaiit to understand cartilage function 
. in health and in disease like osteoarthritis (OA). METHODS: Noniial and osteoartlirilic 
cartilage were systematically analysed for matrilin-3 expression, using 
immunohistpchemistry. Western blot analysis, in situ hybridization, and quantitative 
PGR. RESULTS: Our results indicate tliat matrilin-3 is a mandatory component of 
mattire articular cartilage with its expression being restricted to chondrocytes from die 
tangential zone and the upper middle cartilage zone. Osteoarthritic cartilage samples with 
only moderate morphological osteoarthritic degenerations have elevated levels of 
matrilin-3 mRNA. In parallel, we found an increased deposition of matrilin-3 protein in 
the cartilage matrix. Matrilin-3 staining was diffusely distributed in the cartilage matrix, 
widi no cellulai* staining being detectable. In cartilage samples with minor osteoarthritic 
lesions, matii!in-3 deposition was restricted to the middle zone and to the upper deep 
zone. A strong correlation was found between enhanced matiilin-3 gene and protein 
expression and the extent of tissue damage. Sections with severe osteoartliritic 
degeneration showed the higliest amount of matrilin-3 mRNA, strong signals in in situ 
hybridization, and prominent protein deposition in the middle and deep cartilage zone. 
CONCLUSION: We conclude that matrilin-3 is an integral component of human articular 
cartilage matrix and that the enhanced expression of matrilin-3 in OA may be a cellular 
response to the modified microenvironment in the disease. Copyright 2002 OsteoArthritis 
Research Society International. 
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Up-regulation of mildchondrial peripheral beuzodiazepiae receptor 
exprcssiou by tumor necrosis factor alpUa ia testicular Icydig cells. 
Possible iavolvemeut in cell survival. 

Rev C , Mauduit C , Naiireils O , Benahmcd Louisot P , Gasnier F . 

FNSERN'I U. 189, Faculte de Medecine Lyon-Sud, BP12, 69921 cedex, Oullins, France. 

Porcine Lcydig cells in primary cultures are resistant to tumor necrosis factor alpha 
(TNFalpha) cytotoxicity. Here we report that these cells can be rendered sensitive to 
TNFalpha killing by treatment with the translational inhibitor cycloheximide, suggesting 
the existence of proteins that can suppress the death stimulus induced by tlic cytokine. In 
search of tliese cytoprotective proteins, we focused on tlie constituents of the 
mitochondrial permeability transition pore (PT pore), whose opening has been shown to 
play a critical role in the TNFalpha-mediated death pathway. We found that TNFalpha 
up-regulated niRNA and protein expression of the mitochondrial peripheral 
benzodiazepine receptor (PER), an outer membrane-derived constituent of the pore, A 
strong correlation was established between the resistance of the cells to TNFalpha killing 
and the density of PBR-binding sites. Concomitantly, TNFalpha down-regulated Bcl-2 
mRNA and protein expression. As Bcl-2 has been shown to be an endogenous inhibitor 
of the PT pore, we hypothesize that the TNFalpha-induced up-regulation of PBR 
expression may compensate for the decrease in Bcl-2 levels to prevent the opening of the 
PTpore. 
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GLUTl messenger UNA and protein induetioa relates to the maiignaat 
traiisforination of cervical cancer, 

Riidlowski C , Becker AJ . Schroder W , Rath W , Cuttner Moser M . 

Dept of Gynecology and Obstetrics, University Hospital Heidelberg, Vossstr 7-9, D- 
691 15 Heidelberg, Germany. 

We studied whetlier induction of glucose transporters (GLUTs) I to .4 correlates with 
human papillomavirus (HPV)-dependent malignant transformation of cervical epitlieiium. 
Tissue samples of cervical intraepithelial neoplasia (CIN; grades 1 to 3), invasive 
carcinomas, and lymph node metastasis were examined. HPV typing was perfoimed. 
Tissue sections were immunostained with GLUTl to GLUT4 antibodies. Messenger 
RNA (mRNA) in situ hybridization confirmed GLUTl protein expression. Weak 
expression of GLUTl was found in nondysplastic HPV-positive and HPV-negative 
epithelium; significant expression was observed in preneoplastic lesions, correlating with 
the degree of dysplasia. In C!N 3 high-risk HPV lesions, cervical cancer, and metastasis, 
GLUTl was expressed at highest levels with a strong correlation of GLUTl mRNA and 
protein expression. Immunostains for GLUT2 to GLUT4 were negative. Cervical tumor 
cells respond to enhanced glucose utilization by up-regulation of GLUTl . The strong 
induction of GLUTl mRNA and protein in HPV-positive GIN 3 lesions suggests GLUTl 
overexpression as an early event in cervical neoplasia. GLUTl is potentially relevant as a 
diagnostic tool and glucose metabolism as a tlierapeutic target in cervical cancer. 
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Expression and disttibutiou of laminin alpbal and alphal chains in 
enibtyonic and adult mouse tissues: an immunochemical approach, 

Sasaki T, GUtay Talts U . Ttnipi R , Talts JF . 

Max-Planck-lnstitute for Biochemistry, Martinsried, 0-821 52, Germany. 

Protein levels, mRN A expression, and localization of laminin alphal and alpha2 chains in 
development and in adult mice were examined. Recombinant fragments were used to 
obtain high-titer-specific polyclonal antibodies for establishing quantitative 
radioimmuno-inhibition assays: This often demonstrated an abundance of alpha2 chain, 
but also distinct amounts of alpha I chain for adult tissues. The highest amounts of alphal 
were found in placenta, kidney, testis, and liver and exceeded those of alpha2. All otlier 
tissue extracts showed a higher content of alpha2, wluch was particularly higli in heart 
and muscle when compared to alphal. Content of gammal chain, shared by most 
laminins, was also analyzed. This demonstrated gammal chain levels being equal to or 
moderately exceeding the sum of alphal and aipha2 chains, indicating that these isoforms 
represent the major known laminin isoforms in most adult mouse tissues so far examined: 
Moreover, we found good correlation between radioimmiino-inhibition data and mRNA 
levels of adult tissues as measured by quantitative real-time reverse transcriptase-PGR. 
Embryonic tissues were also analyzed by radioimmuno-inhibition assays. This 
demonstrated for day 1 1 embryos comparable amounts of alpha! and gammal and a 
more than 25-fold lower content of alpha2. This content increased to about 10% of 
alphal in day 13 embryos. Tlie day 18 embryo showed in heart, kidney, and liver, but not 
yet in brain and lung, alphal /alpha2 chain ratios comparable to those in adult tissues, 
hnmunostaining demonstrated alphal in Reichert*s niembrane (day 7.5), while alpha2 
could not be detected before day 11,5. These data were compared with 
immunohistochemical localization results on several more embryonic and adult tissue 
sections. Our results regarding localization are consistent wifli those of earlier work with 
some notable exceptions. This was in part due to epitope masking for monoclonal 
antibodies commonly used in previous studies in esophagus, intestine, stomach, liver, 
kidney, and spleen. 
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Discordant regulation of granzyrae H and granzymc B expression in 
human lymphocytes. 

SedeUes KA, Savers TJ. Edwards KM, Chen W, Pclllcci Dq Godfrey PI . Trapani 

Cancer Immunology Laboratory, Peter MacCallum Cancer Centre, Locked Bag I, 
A^Beckett Street, East Melbourne, 80G6, Australia. 

We analyzed the expression of granzyme H in human blood leukocytes, using a novel 
monoclonal antibody raised against recombinant granzyme H, 33-kDa granzyme H was 
easily detected in unfractionated peripheral blood mononuclear cells, due to its high 
constitutive expression in CD3(-)CD56(+) natural killer (NK) cells, whereas granzyme B 
was less -abundant. The NK lymphoma cell lines, YT and Lopez, also expressed high 
granzyme H levels. Unstimulated Cp4(+) and particularly CD8(+) T cells expressed far 
lower levels of granzyme H than NK cells, and various agents tfiat classically induceT 
cell activation, proliferation, and enliahced granzyme B expression failed to induce 
granzyme H expression in T cells. Also, granzyme H was not detected in NK T cells, 
monocytes, or neutrophils. There was a good correlation between mRNA and protein 
expression in cells that synthesize both granzymes B and H, suggesting that gzmH gene 
transcription is regulated similarly to gzmB. Overall, our data indicate that although the 
gzmB and gzmH genes are tightly linked, expression of the proteins is quite discordant in 
T and NK cells. The finding that granzyme H is frequently more abundant than granzyme 
B in NK cells is consistent with a role for granzyme H in complementing the pro- 
apoptotic function of granzyme B in human NK cells. 



PMID: 15069086 [PubMed - indexed for MEDLINE] 



^ 50: Blood. 2004 Nov l;104(9):2936-9. Epub 2004 Jul 8. ^^^'^^ed Articles. Links 



BCL2 protein expression parallels its niRNA level in normal and 
malignant B cells. 

Shen Y . Iqbal J, Huang JZ . Zhou G , Chan WC . 

. Pepartment of Pathology and Microbiology, University of Nebraska Medical Center, 
Omaha, USA. 

The regulation of B-cell lymphoma 2 (BCL2) protein expression in germinal center (GC) 
B ceils has been controversial. Previous reports have indicated posttranscriptional 
regulation plays a dominant role. However, a number of recent studies contradicted these 
reports. Using real-time polymerase chain reaction (PCR) and Standardized Reverse 
Trariscriptase-PCR (StaRT-PCR), we raeasmed the level of inRNA expression in GC, 
mantle zone (MNZ), and marginal zone (MGZ) cells from laser capture microdissection. 
Both quantitative RT-PCR measurements of microdissected GC cells from tonsils 
showed that GC cells had low expression of BCL2 transcripts commensurate with the 
low protein expression level. These results are in agreement with microarray studies on 
fluorescence-activated cell sorter (FACS)-sorted cells and microdissected GC cells. We 
also examined BCL2 mRNA and protein expression on a series of 30 cases of diffuse 
large B-cell lymphoma (DLBCL) and found, in general, a good correlation. The results 
suggested that BCL2 protein expression is regulated at the transcriptional level in normal 
B cells and in the neoplastic cells in most B-cell lymphoproliferative disorders." 
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Quaatitative determinations of the steady state transcript levels of 
hexoldnase isozymes and glucose transporter isoforms in normal rat 
tissues and the malignant tumor cell line AH130. 

Shinohara Yamamoto IC tnoo K , Yamazaki N. Terada II . 

Faculty of Pharmaceutical Sciences, University of Tokushima, Japan. 
yasuo@ph.tolcushima-u.ac.jp 

The steady state transcript levels of the four hexokinase (HK) isozymes and four glucose 
transporter (GLUT) isoforms were determined quantitatively by Northern analysis of 
RNA samples from rat tissues using synthetic fragments of the RNAs encoding the HK 
isozymes and GLUT isoforms. Results showed that the levels of HK isozyme transcripts 
were low in rat tissues, the level of that most highly expressed, die type I isozyme (HKl), 
in the brain being 0.025% of the total poIy(A)-<- RNA, A good correlation was found 
between the reported HK activities and the total amounts of transcripts encoding all HK 
isozymes in various tissues, showing that the HK activities in tissues can be estimated 
from the total amount of transcripts encoding HK isozymes. The proposed associated 
expressions of HK isozymes and GLUT isoforms in particular tissues were confirmed at 
their transcript levels. The steady state transcript levels of type U HK and the type I 
GLUT isoform in the malignant tumor cell line AH130 were also determined 
quantitatively. 
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UVA irradiatioa-induccd activattoQ of activator protern-1 is correlated 
with luduced expression of AP-l family members in the human 
kcratiuocytc cell line HaCaT. 

Silvers AL , Bowden GT . 

Department of Radiation Oncology. Arizona Cancer Center, The University of Arizona, 
Tucson 85724, USA. 

To determine whether the transcription factor activator protein- 1 (AP- 1 ) could be 
modulated by ultraviolet A (UVA) exposure, we examined AP-l DNA-binding activity 
and transactivation after exposure to UVA in the human iminortalized keratinocyte cell , 
line HaCaT. IVfaximal AP-l transactivation was observed witli 250 ld/m2 UVA between 
3 and 4 h after irradiation: DNA binding of AP-l to the target 12-0- 
tetradecanoylphorbol-l3-acetate response element sequence was maximally induced 1-3 
h after irradiation. Both de novo tran$cription and translation contributed to the UVA- 
induced AP-l DNA binding, c-Fos was implicated as a primary component of the AP-l 
DNA-binding complex. Other components of the complex included Fra-2, c-Jun, JunB 
and JunD, UVA irradiation induced protein expression of c-Fos, c-Jun, Fra-1 and Fra-2. 
Phosphorylated forms of these induced proteins were determined at specific time points. 
A strong coirelation existed between UVA-^induced AP-l activity and accumulation of c- 
Fos, c-Jun and Fra-1 proteins. UVA irradiation also induced c-fos and c-jun mRNA 
■ expression and transcriptional activation of the c-fos gene promoter. These results 
demonstrate that UVA irradiation activates AP-l and that c-fos induction may play a 
critical role in the response of these human keratinocytes to UVA irradiation. 
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Rat kiduey glutamyl amiaopeptidase (aminopeptidase A): molecular 
identity and cellular localtzatioa. 

Song L. YcM, Troyaaovskaya M, WHkE, WUkS , Heaiy DP . 

Department of Pharmacology, Mount Sinai School of Medicine, City University of New 
York; New York 10029. 

Glutamyl aminopeptidase [aminopeptidase A (EAP), EC 3.4.1 1.7] is an ectoenzyme that 
selectively hydrolyzes acidic amino acid residues from the amino terminus of 
oligopeptides. EAP activity is higljest within the kidney and small intestine. The murine 
pre-B cell BP-1/6C3 and the human kidney glycoprotein gpl60 differentiation antigens 
have been reported to have biochemical properties indistinguishable from EAP, It is not 
known, however, if rat kidney EAP is a homologue of these antigens or molecularly 
distinct. Using the reverse transcription-polymerase chain reaction method with 
oligonucleotide primers based on the BP-1/6C3 nucleotide sequence, we isolated a 450- 
bp partial cDNA from rat kidney poly(A)^^ RNA. The partial cDNA encoded a predicted 
protein that was 92% and 86% identical to the murine BP- 1 /6C3 and human gp 1 60 
antigens, respectively; the amino acid sequence within the zinc-binding domain was 
completely conserved. Purification of EAP from rat kidney and microsequence analysis 
of a tryptic digest peptide fragment ( 1 8-raer) indicated that the fragment was highly 
similar to a region within the BP-1/6C3 and gpl60 proteins. Northern blot hybridization 
and immunoblot analyses were also consistent with labeling of products the same size as 
reported for the BP-1/6C3 and gpl60 antigens. There was a good correlation between the 
cellular distribution of EAP mRNA and EAP immunoreactivity, with proximal tubules 
and glomerular mesangial cells having the highest densities. These results indicate that 
rat kidney EAP is a species homologue of the murine BP-1/6C3 and human gpl60 
antigens. Furthermore, on the basis of its cellular localization, rat kidney EAP is likely to 
be involved in degradation of oligopeptides within the glomerulus and the glomerular 
filfrate. Since cells that express EAP also express receptors for angiotensin It, an 
intrarenal vasoactive hormone tliat is a substrate for EAP, tliese results further suggest 
that EAP may play a role in modulating the activity of intrarenal angiotensin If. 
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Tumor necrosis factor-alpha upregulatcs the prostaglandin E2 EPl 
receptor subtype and the cyclooxygenasc-2 isoform in cultured amnion 
WISH cells. 

Snaziani EP , Bcnoit RR , Tsibris JC . Gould SF , O^Bricn WF . 

University of South Florida Health Science Center, Department of Obstetrics 8c 
Gynecology, Tampa 33612, USA. espazian@comLmed.usfedu 

Recent studies have demonstrated a strong correlation between infection and preterm 
labor. Preterm delivery is also associated with high levels of cytokines and prostaglandins 
in amniotic fluid. The purpose of this study was to investigate the effect of tumor necrosis 
factor-alpha (TNF-alpha) on tiie levels of cyclooxygenase, prostaglandin E2 production 
(PGE2), and expression of the PGE2 receptor subtype BP 1 in anmion WISH cell culture. 
Ajnnion WISH cell cultures were incubated in increasing concentrations of TNF-alpha 
(0-50 ng^ml). Changes in cyclooxygenase and EPl receptor proteins were evaluated by 
Western blot analysis. Changes in EPl mRNA were evaluated by Northern blot, and 
culture fluid concentrations of PGE2 were estimated by enzyme immunoassay (ElA). 
-EPl protein (p<0.01), EPl mRNA (p<0,05), cyclooxygenase-2 (COX-2) protein 
(p<0.001), and PGE2 concentrations (p<O.Ol) all increased with increasing 
concentrations of TNF-alpha. Changes in COX-1 protein were not observed following 
TNF-alpha-incubation. The results suggest that TNF-alpha may play a role in infection- 
induced pretemi labor by its pleiotropic ability to simultaneously stimulate COX-2 
activity, PGE2 concentrations, and PGE2 EPl receptor levels in human amnion, 
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Transcriptional activity of potent glucocorticoids: relevance of 
glucocorticoid receptor isofornas and drug metaboHtes. 

SpLka I, Hammer ICleuser B , Korttng HC Schafer-Korting M . 

Institut fur Pharmazie, Abteilimg fur Pharmakologie und Toxikologie, Freie Universitat 
Berlin, Berlin, Germany. 

As compared to standard glucocorticoids (GC), prednicarbate (PC) is favorable in tlie 
treatment of eczema due to its high benefit/risk ratio. The remarkable anti-inflammatory 
effects of PC are in strong contrast to its reported low glucocorticoid receptor (GR) 
binding affinity. In transfected COS-7 cells we related the transcriptional potencies of 
PCj its metabolites and conventional GC to their receptor binding properties. Moreover, 
the expression pattern of the human GR isoform hGRalpha and its mutual dominant 
negative inhibitor hGRbeta in skin cells have been investigated as well as the influence of 
hGRbeta on receptor binding and transactivation. hGRalpha mRNA and protein was 
largely overexpressed in skin cells. hGRbeta showed no influence on HGRalpha binding 
and transactivation. Concentration response curves indicated the greater transactivation 
potency of betamethasone 17-valerate followed by dexamethasone and prednisolone 17-. 
ethylcarbonate. Native PC appeared almost as potent as dexamethasone. With both a 
strong correlation was observed between transactivation and GR binding. Copyright 2003 
S, Karger AG, Basel 
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Specific inhibition of AQPl water channels in isolated rat intrahepatic bile 
duct units by small inteifering RNAs, 

Splinter PL . Masyuk AI , LaRusso NF . 

Center for Basic Research in Digestive Diseases, Division of Gastroenterology and 
Hepatology, Mayo Medical School, Clinic, and Foundation, Rochester, Minnesota 55905 
USA, ' 

Cholangiocytes express water channels (i.e. aquaporins (AQPs)), proteins that are 
increasingly recognized as important in water transport by biliaty epithelia. However, 
direct fiinctional studies demonstrating AQP-mediated water transport in cholangiocytes * 
are limited, in part because of tlie lack of specific AQP infiibitors. To address tills issue, 
we designed, synthesized, and utilized small interfering RNAs (siRNAs) selective for 
AQPl and investigated their effectiveness in altering AQP I -mediated water transport in 
intrahepatic bile duct units (fBDUs) isolated from rat liver. Twenty-four hours after 
transfection of ffiDUs with siRNAs targeting two different regions of the AQP 1 
transcript, both AQP i mRNA and protein expression were inhibited by 76.6-92.0 and 
57.9-79.4%, respectively. siRNAs containing the same percent of base pairs as the 
AQPl-siRNAs but in random sequence(i.e. scrambled siRNAs) had no effect. 
Suppression of AQPl expression in cholangiocytes resulted in a decrease in water 
transport by IBDUs in response to both an inward osmotic gradient (200 mosm) or a 
secretory agonist (forskolin), the osmotic water permeability coefficient (P(f)) decreasing 
up to 58.8% and net water secretion (J(v)) decreasing up to 87%. A strong correlation 
between AQPl protein expression and water- transport in IBDUs transfccted v/ltix AQPl- 
siRNAs was consistent with the decrease in water transport by IBDUs resulting from 
AQPl gene silencing by AQPl-siRNAs. This study is the first to demonstrate the 
feasibility of utilizing siRNAs to specifically reduce the expression of AQPs in epithelial 
cells and provides direct evidence of the contribution of AQPl to water transport by 
biliary epithelia. 
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Type rV collagcnasc (M(r) 72,000) expression in human prostate: benign and 
malignant tissue. 

Stearns ME , Wan g M. 

Department of Pathology, Medical College of Pennsylvania, Philadelphia 19129. 

The expression of type IV collagenase (M(r) 72,000) has been examined in tissues from patients 
with benign prostatic hyperplasia (6 patients) and varying Gleason grades of malignant prostate 
cancer (18 patients). Iinmunoperoxidase labeling indicated that expression of the type FV 
collagenase was weak or nonexistent in benign tissue but consistently strong in the glandular and 
ductal epithelial cells of prostate tumors diagnosed at Gleason grades 1-8. In moderate to 
advanced cancer (i.e., Gleason grades 2 to 8), invasive Inmor foci in the stromal tissue produced 
relatively modest amounts of type IV collagenase. The normal stromal tissue (i.e., fibroblasts) 
uniformly failed to produce detectable levels of type IV collagenase in the 24 patients examined. 
Northern and quantitative slot blot hybridization assays demonstrated that collagenase type IV 
mRNA levels were low in benign tissue and liigh in malignant tumors. In contrast, the stromal 
cells did not express significant amounts of type IV collagenase mRNA. Enzyme- 1 inked 
immunosorbent assays demonstrated that the arhounts of type IV collagenase protein correlated 
directly witli the mKNA levels in tlie tumor tissue. The studies suggest that type IV collagenase 
may be selectively overexpressed by malignant, preinvasive prostatic epithelial cells. 



PMID: 7679051 [PubMed - indexed for MEDLINE] 



232: JUrol. 2000Sep;164(3Pt2);l026-30. Related Articles. Links 

The decompensated detrusor III: impact of bladder outlet obstruction on 
sarcoplasmic endoplasmtc reticulum protein and gene expression. 

Stein R , Gong C. Hutcheson JC , Canning DA , Zderic SA . 

Division of Urology, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, 
USA, 

PURPOSE: Regulation of calcium ion homeostasis has a significant role in smooth 
muscle contractility. The sarcoplasmic endoplasmic reticulum, calciumi magnesium, 
adenosine triphosphatase (SERCA) is a regulatory ion pump that may have a role in the 
functional outcome after outl^ obstruction. We investigate what correlation if any existed 
between SERCA protein and gene expression, and the contractile properties in the same 
bladder. MATERIALS AND METHODS: Standardized partial bladder outlet 
obstructions were a-eated in adult New Zealand white rabbits, which were divided into, 
control, sham opferated and obstructed groups. Muscle strip studies subcategorized the 
obstructed group into compensated (force greater than 50% of control) and 
decompensated (force less ttian 50% of control). Microsomal membrane and total RNA 
fractions were prepared fironi the same bladder tissue. Membrane proteins were used for 
Western blot analysis using a SERCA specific monoclonal antibody, and total RNA was 
assessed with Northern blot analysis. RESULTS: The relative intensities of signals for 
the Western and Northern blots demonstrated a strong correlation between protein and 
gene expression. Furtiiennore there was a strong association between the loss of SERCA 
messenger RNA and protein expression and loss of bladder function. CONCLUSIONS: 
Bladder contractility after outlet obstruction is influenced in part by smooth muscle cell 
ability to maintain calcium homeostasis via SERCA, The loss of SERCA protein 
expression is mediated by down-regulation in gene expression in the saine bladder. These 
data suggest that smooth muscle ion pump gene expression is in part mechanically 
(pressure work) regulated. . 



PMID: 10958733 {PubMed - indexed for MEDLfNE] 



341: J Invest Dermatol. 1997 May;l08(5):763-8. 



Related Articles. Links 



TNF-alpha and IL-8 arc upregiilatcd in the epidermis of normal human 
skin after LfVB exposure: correlation with neutrophil accumulation and E- 
selectiu expression, 

Strickland t , Rhodes LE , Flanagan BF . Fdedniann PS . 

Department of Dermatology, Um'versity of Liverpool, United Kingdom. 

Hie in vivo response to ultraviolet B (UVB) radiation in skin is characterized by tlie 
accumulation of both mononuclear and polymorphonuclear cells within the dermis and an 
induction of vascular endothelial adhesion molecules, Epiderhial production of cytokines 
(IL-8 and TNF-alpha) has been strongly implicated in the development of UVB -induced 
inflammation. In the current study, v^e examined the time course of IL-8 and TNF-alpha 
mRNA and protein expression in tlie epidermis over a 24 -h period after in vivo UVB 
irradiation. Also, the induction of adhesion molecule expression and the accumulation of 
neutrophils within the dermis were followed. We found constitutive expression of both 
cytokines (mRNA and protein) in the epidermis of unirradiated skin. IL-8 was rapidly 
upregulated after irradiation and mRNA and protein increased at 4 h, reaching a 
maximum between 8 and 24 h, TNF-alpha mRNA and protein was minimally increased 
by 8 h after UVB irradiation and reached a maximum by 24 h. No significant alteration in 
ICAM-1 or VCAlVt-l expression was observed. E-selectin expression, which was absent 
from control samples, was increased from 4 h onward, and also reached a maximum at 24 
h, coinciding with peak neutrophil accumulation. A strong correlation (r = 0.96) was 
found between number of E-selectin-positive vessels and numbers of infiltrating 
neutrophils at this time. Moreover, because E-selectin expression was increased before 
any apparent increase in TNF-alpha protein (4 h), TNF-alpha does not appear to be 
involved in the early induction of the adhesion molecule, but cytokines such as TNF- 
alpha and IL-8 may act subsequently to augment the inflammatory response. 
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Basic fibroblast growth factor expression is increased in human renal 
fibrogenesis and may mediate autocrine fibroblast proliferation, 

Strutz K Zeisberg M , Hemmerlein B . Sattler B, Hummel K . Becker V : IVIulIer GA . 

Department of Nephrology and Rheumatology, Georg- August-University Gottingen, 
Germany, fstrut2@gwdg.de 

BACKGROUND: Laterstitial fibroblasts play a critical role in renal fibrogenesis, and 
autocrine proHferation of these cells may account for continuous matrix synthesis. Basic 
fibroblast growth factor (FGF-2) is mitogenic for most cells and exerts inlracrine, 
autocrine, and paracrine effects on epithelial and mesenchymal cells. The aims of the 
present studies were to localize and quantitate the expression of FGF-2 in normal and 
pathologic human kidneys and to study the in vitro effects of FGF-2 on proliferation, 
differentiation, and matrix production of isolated cortical kidney fibroblasts. METHODS: 
FGF-2 protein expression was localized by inununofluoresence double labelings in 
normal and fibrotic human kidneys. Subsequently, intersfitial FGF-2 labeling was 
determined semiquantitatively in 8 normal kidneys and 39 kidneys with variable degrees 
of interstitial fibrosis and was correlated with the morphometrically determined 
interstitial cortical volume, hi addition, FGF-2 expression was quantitated by irnmunoblot 
analysis in three normal and six fibrotic kidneys. FGF-2 mRNA was localized by in situ 
hybridizations. Seven primary cortical fibroblast lines were established, and expression of 
FGF-2 and FGF receptor-1 (FGFR-1) were examined. Tlie effects of FGF-2 on cell 
proliferation were detennined by bromodeoxyiiridine incorporation and cell counts, those 
on differentiation into myofibroblasts by staining for alpha-smooth muscle actin, and 
those on matrix synthesis by enzyme-linked immunosorbent assay for collagen type 1 and 
fibronectin. Finally, proliferative activity in vivo was evaluated by expression of MlB-1 
(Ki-67 antigen). RESULTS: In normal kidneys, FGF-2 expression was confined to 
glomerular, vascular, and a few tubular as well as interstitial fibroblast-Iike cells. 7'he 
expression of FGF-2 protein was increased in hujnan kidneys, with tubulointerstifial 
scarring correlating with the degree of interstitial fibrosis (r= 0.84, P < 0.01). 
Immunoblot analyses confiimed a significant increase in FGF-2 protein expression in 
kidneys with interstitial scarring. In situ hybridization studies demonstrated low-level 
detection of FGF-2 mRNA in normal kidneys. However, FGF-2 mRNA expression was 
robustly up-regulated in interstitial and tubular ceils in end-stage kidneys, indicating that 
these cells are the source of excess FGF-2 protein. Primary cortical fibroblasts express 
FGF-2 and FGFR-I in vitro. FGF-2 induced a robust growth response in these cells that 
could be blocked specifically by a neutralizing FGF-2 antibody. Interestingly, the 
addition of the neutralizing antibody alone did reduce basal proli feration up to 31.5%. In 
addition, FGF-2 induced expression of alpha-smooth muscle actin up to 1.6-fold, bul no 
sigjiificajit effect was observed on the synthesis of collagen type I and fibronectin. 
Finally, staining for MiB-l revealed a good correlation of interst itial FGF-2 positivity 



with interstitial and tubular proliferative activity (r = 0.71 , P < 0.01 for interstitial 
proliferation, N = 30). CONCLUSIONS: Interstitial FGF-2 protein and mRNA 
expression correlate with interstitial scarring. FGF-2 is a strong mitogen for cortical 
kidney fibroblasts and may promote autocrine fibroblast growth. Expression of FGF-2 
correlates with interstitial and tubular proliferation in vivo. 
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Adiposity elevates plasma MCP-1 levels leading to the increased GDI lb- 
positive monocytes in mice. 

Takahashi K. Mizuarai S . Araki H , Masliiko $ , Isliihara A. Kanatani A , Itadani H / 
Kotani H . 

Banyu Tsukuba Research Institute in coHaboration with Merck Research Laboratories, 
Tsukuba^ [baraki 300-261 1, Japan. 

Obesity is currently considered as an epidemic in the western world, and it represents a 
major risk factor for life-threatening diseases such as heart attack, stroke, diabetes, and 
cancer Taking advantage of DNA microarray teclinology, we tried to identify the 
molecules explaining the relationship between obesity and vascular disorders, comparing 
mRNA expression of about 12,000 genes in white adipose tissue between normal, high 
fat diet-induced obesity (DIO) and d-Trp34 neuropeptide Y-induced obesity in mice. 
Expression of monocyte chemoattractant protein-1 (MCP-1) mRNA displayed a 7,2-fold 
increase in obese mice as compared with normal mice, leading to substantially elevated 
MCP-I protein levels in adipocytes. MCP-1 levels in plasma were also increased in DIO 
mice, and a strong correlation between plasma MCP-1 levels and body weight was 
identified. We also showed that elevated MCP-1 protein levels in plasma increased the 
CD I Ib-positivc monocyte/macrophage population in DIO mice. Furthennore, infusion of 
MCP-1 into lean mice increased the CDl lb-positive monocyte population witliout 
inducing changes in body weight. Given the importance of MCP-1 in activation of 
monocytes and subsequent atherosclerotic development, tliese results suggest a novel role 
of adiposity in the development of vascular disorders. 
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Augmented expression of neuronal nitric oxide syntliase in tlic atria 
parasympallictically decreases heart rate during acute myocardial 
infarction in rats. 

Takimoto Y. Aoyaina T , Tanaka EC Kcyamura R . Yiu_V, Sasayama S . 

Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan. 

BACKGROUND; Nitric oxide (NO) synthesized within sinoatrial cells recently has been 
shown to participate in the autonomic control of heart rate. We hypothesized that N O in 
the neuronal cells in the heart was increased and parasympathetically regulated heart rate 
after myocardial infarction (MI). METHODS AND RESULTS: We examined heart rate 
dynamics and neuronal NO synthase (nNOS) expression and activities in the atria of rats 
with MI 1, 3, 7, and 14 days after MI (n=7 to 22 for each group). Both tlie mRNA levels 
of nNOS in the atria determined by competitive reverse transcriptase-polymerase chain 
reaction and the protein levels determined by Western blotting were significantly 
increased compared with controls 1, 3, and 7 days after ML nNOS activity in the atria 1 
day after infarction was also increased in MI rats. nNOS immunoreactivity was observed 
in nerve fibers in the atria. After infusion of a specific inhibitor of nNOS and iNOS, I -(2- 
triftuoromethylphenyl) imidazole (TRIM) (50 mg/kg IV), heart rate was significantly 
(P<p.01) increased in MI rats compared with controls 1, 3, and 7 days after ML The 
iNOS-specific inhibitor, 1400W (10 mg/kg SC), did not significantly affect the heart rate 
in rats with MI, The effect of TRIM was abolished by.pretreatment.with L-arginine (25 
mg/kg tV) or by parasympathetic blockade with atropine but not by propranolol. Tliere 
was a strong correlation (p=0.837, P<0.0001) between the nNOS protein expression and 
heart rate change after TRIM infusion. CONCLUSIONS: These results indicate that . 
increased nNOS parasympathetically decreased heart rate via the production of NO in 
rats witli acute ML 
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Differealial upregulatioii of cellular adhesion Molecules at the sites of 
oxidative stress in experiracntal acute pancreatitis. 

"Tclek G. Ducroc R , Scoazcc JY . Pasquicr C . Feldmann G . Roze C . 

INSERM U 4 10. Universite Paris 7 Denis Diderot, 75870 Paris, France. 

BACKGROUND: Severe acute pancreatitis (AP)(2) is associated with exaggerated 
leukocyte adherence and activation. Endothelial cellular adhesion molecules (CAMs) can 
be induced by cytokines, but also directly by oxygen free radicals (OFRs), mediated by 
nuclear factor kappa-B (NF-kappa B). We investigated tlie behavior of inducible CAMs 
in relation to pancreatic oxidative stress. Our novel modification of cerium capture 
histochemistiy (reaction of OFRs witli cerium produces laser reflective Ce perhydroxide 
precipitates) combined with reflectance confocal laser scanning microscopy (CLSM) 
allows the histological codemonstration of in vivo OFR production and immunolabeled 
CAMs, or NF-kappa B. METHODS: Taurpcholate AP was induced in rats; sham 
operated and normal animals served as controls. To achieve in situ, in vivo reaction of 
cerium with OFRs, animals were perfused with CeCl(3) solution at different rime points 
(I, 2, 8, 24 h) and then sacrificed, E-selectin, P-selectin, ICAM-l, VCAM, and NT-kappa 
B p65 were labeled by immunofluorescence (IF) on frozen sections of cerium perfused 
pancreata. IF and Ce perhydroxide reflectance were simultaneously detected by CLSM, 
Pancreatic gene expression of the same CAMs was quantified by competitive RT-PCR 
(MIMIC internal control). RESULTS: Control pancreata showed negli^ble reflectance 
and minimal CAM expression. Early (I, 2 h) AP samples were characterized by intense, 
heterogeneous acinar OFR production, strong P-selectin, and increasing ICAM 
expression, with nuclear translocation of p65, lusto logically all colocalizing with the 
areas of acinar oxidative stress. Adherent polymorphonuclear leukocytes (PMNs) 
displayed weak OFR formation. Later (8, 24 h), a slowly d eel im'ng P-selectin. but 
persisting ICAM-l expression, was paralleled by widespread adherence of PMNs 
producing surprisingly large amounts of OFRs. VCAM and E-selectin showed a mild 
increase at 24 h, CAM gene activation was in good correlation with the protein 
expression. CONCLUSIONS: The early acinar oxidative stress is colocalized with NF- 
kappa B activation, preferential P-selectin, and ICAM upregulation in this AP model. 
Subsequently, adherent, activated PMNs become the major source of OFRs, thereby 
contributing to tissue damage. Copyriglit 2001 Academic Press. 
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Myotonic dystropliy: an unstable CTG repeat in a protein kinase gene. 
Timchenko L . Monckton DG. Caskey CT . 

Department of Molecular and Human Genetics, Baylor College of Medicine, Texas 
Medical Center, Houston 77030, USA. 

Myotonic dystrophy (DM) is caused by the amplification of CTG repeats in tlie 3' 
untranslated region of a gene encoding a protein homologous to serine/threonine protein 
kinases. In DM patients the CTG repeats are extremely unstable, varying in length from 
patient to patient and generally increasing in length in successive generations. There is a 
strong conrelation between the size of the repeats and the age of onset and severity of the 
disease. Tlie molecular basis of the effect of the CTG expansion on the development of 
the DM phenotype continues to be investigated. The first working hypothesis of the 
molecular mechanism of DM was a reduction in steady-state myotonin-protein. kinase 
(Mt-PIC) mRNA and protein levels. However, altliough die consensus finding is diat tlie 
Mt PK mRNA and protein levels are decreased in DM patients, it is still not clear if this 
reduction leads directly to die DM phenotype. In this short review we discuss the 
molecular aspects of CTG instability and die expression of the myotonin-protein kinase 
gene in normal and DM populations. 
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• Review 

• Review, Tutorial 
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Induction of class 3 aldehyde dehydrogenase in the mouse hepatoma cell 
hne Hepa-1 by various clieniicals. 

Torroncn R. Korkalainen M . Karcniampi SO . 

Department of Physiology, University of Kuopio, Finland. 

The mouse hepatoma ceil line Hepa- 1 was shown to expr^s an aldehyde dehydrogenase 
(ALDH) isozyme which was inducible by TCDD and carcinogenic polycyclic aromatic 
hydrocarbons. The induced activity could be detected with benzaldehyde as substrate and 
NADP as cofactor (B/NADP ALDH), As compared with rat liver and hepatoma, ceil 
hnes, the response was moderate (maximally 5-foId). There was an apparent correlation 
between this specific form of ALDH and ary! hydrocarbon hydroxylase (AHH) in the 
Hepa- 1 wild-type cell Iine--in terms of inducibiiity by several chemicals. However, the 
magnitude of the response was clearly smaller for ALDH than for AHH. Southern blot 
analysis showed that a homologous gene (class 3 ALDH) was present in the rat and 
mouse genome. The gene was also expressed in Hepa-land there was a good correlation 
between the increase of class 3 ALDH-specific mRNA and B/NADP ALDH enzyme 
activity alter exposure of the Hepa-1 cells to TCDD. It is concluded that class 3 ALDH is 
mducible by certain chemicals in the mouse hepatoma cell line, although the respective 
enzyme is not inducible in mouse liver in vivo. 

PMID; 1505055 [PubMed - indexed for MEDLINE] 
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Relationship between cyclin Dl and p21(Wan/Cipl) during dtfrcrentiation 
of human myeloid leukemia cell lines. 

UUmannova V , Stockbaucr P , Hradcova M , Soiicek J , Haskovcc C . 

Department of Molecular Genetics, Institute of Hematology and Blood Transfusion, U 
Nemocnice 1 , 128 20 Prague 2, Czech Republic, uliman@ulikt.cz 

Expression of cell cycle-regulating genes was studied in human myeloid leukemia cell 
lines ML-1, ML-2 and ML-3 during induction of differentiation in vitro. 
Myelomonocytic differentiation was induced by phorbol ester (12-o-Tetradecanoyl- 
phorbol- 1 3-acetate, TPA), Uimor necrosis factor alpha (TNFalpha) or interferon gamma 
(INFgamma), or their combination. Differentiation (with the exception of TNFalpha 
alone) was accompanied by inhibition of DN A synthesis and cell cycle arrest. Inhibition 
of proliferation was associated with a decrease in the expression of cdc25A and cdc25B, 
cdk6 and Ki-67 genes, and with increased p2l(Wafl/Cipl) gene expression, as measured 
by comparative RT-PCR. Expression of the following genes was not changed after 
induction of differentiation: cyclin A 1, cyclin D3, cyclin EI and p27(Kipl). Surprisingly, 
cyclin D I expression was upregulated after induction by TPA, TNFalpha with 
IFNgamma or BA. Cyclin D2 was upregulated only after induction by BA. The results of 
the expression of the tested genes obtamed by comparative RT-PCR were confirmed by 
quantitative real-time (RQ) RT-PCR and Western blotting. Quantitative RT-PCR showed 
as much as a 288-fold increase of cyclin Dl specific mRNA after a 24h induction by 
TPA- The upregulation of cyclin Dl in differentiating cells seems to be compensated by 
the upregulation of p21(Wafl/Cipl). These results, besides others, point to a strong 
correlation between the expression of cyclin Dl and p21(Wafl/Cipl) on the one hand 
and differentiation on the other hand in human myeloid leukemic cells and reflect a rather 
complicated netvyork regulating proliferation and differentiation of leukemic cells. 
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Intestinal carbamoyl phosphate synthase I in human and rat Expression 
during development shows species differences and mosaic expression in 
duodenum of both species. 

Van Beers EH , Rings EH. Posthuma G . Dingemanse MA . Taminiau JA , Heymaus 
HS, EInerhand AW . Duller HA , Dckker J . 

Pediatric Gastroenterology and Nutrition, Department Pediatrics, Emma Children's 
Hospital, Academic Medical Center, Amsterdam, The Netherlands. 

The clinical importance of carbamoyl phosphate synthase I (CPSI) relates to its capacity 
to metabolize ammonia, because CPSI deficiencies cause lethal semm ammonia levels: 
Although some metabolic parameters concerning liver and intestinal CPSI have been 
reported, the extent to which enterocytes contribute to ammonia conversion remains 
unclear without a detailed description of its developmental and spatial expression 
patterns. Tlierefore, we detenriined the patterns of enterocytic CPSI mRNA and protein 
expression in human and rat intestine during embryonic and postnatal development, using 
in situ hybridization and immunohistochemistry. CPSI protein appeared during human 
embryogenesis.in liver at 31-35 e. d. (embryonic days) before intestine (59 e.d,), whereas 
in rat CPSI detection in intestine (at J6 e.d.) preceded liver (20 e.d.). During all stages of 
development tliere was a good correlation between the expression of CPSI protein and 
mRNA in the intestinal epithelium. Strikingly, duodenal enterocytes in both species 
exhibited mosaic CPSI protein expression despite uniform CPSI mRNA expression in the 
epithelium and the presence of fmctional mitochondria in all epithelial cells. Unlike rat, 
CPSI in human embryos was expressed in liver before intestine. Although CPS! was 
primarily regulated at the transcriptional level, CPSI protein appeared mosaic in the 
duodenum of both species, possibly due to post-transcriptional regulation. 



PMED: 9446830 [PubMed - indexed for MEDLINE] 



1 14: Eur J Cancer 2003 Mar;39(5):69 1 -7. Related Articles, Links 

!'£ L' S £ V f E R| 

Expression of deoxycytidine kinase iu leiikaemic cells compared with solid 
tumour cell lines, liver metastases and normal liver. 

van der Wilt CL, Kroep JTR, Loves WJ . Rots MG: Van Groeninecn CJ. Kaspers GJ 
Peters GJ . 

Department of Medical OncoJogy, VU University Medical Center, Amsterdam, The 
Netherlands, 

Deoxycytidine kinase (dCK) is required for the phosphorylation of several 
deoxyribonucleoside analogues that are widely employed as chemotherapeutic agents. 
Examples include cytosine arabinoside (Ara-C) and 2-ch!orodeoxy adenosine (CdA) in 
tlie treatment of acute myeloid leukaemia (AML) and gemcitabine to treat solid tumours. 
In this study, expression of dCK mRNA was measured by a competitive template reverse 
transcriptase polymerase chain reaction (CT RT-PCR) in seven cell lines of different 
histological origin, 16 childhood and adult AML samples, 10 human liver samples and 1 1 
human liver metastases of colorectal cancer origin. The enzyme activity and protein 
expression levels of dCK in the cell lines were closely related to the mRNA expression 
levels (r-0-75, P=0.026 and r=0.86, P=0.007). In AML samples, dCK mRNA expression 
ranged from L16 to 35.25 (xl0(-3)xdCK/beta-actin). In the cell line panel, the range was 
2.97-56.9 (xl0(-3)xdCK/beta-actin) of dCK mRNA.exprcssion. The enzyme activity in 
liver metastases was correlated to dCK mRNA expression (r=0.497, P=0.05), In the liver 
samples, these were not correlated. dCK mRNA expression showed only a 36-foId range 
in liver while a 150-fold range was observed in the liver metastases. In addition, dCK 
activity and mean mRNA levels were 2.5-fold higher in tlie metastases tlian in the liver 
samples. Since dCK is associated with the sensitivity to deoxynucleoside analogues and 
because of the good correlation between tlie different dCK measurements in malignant 
cells and tumours, the CT-RT PCR assay will be useflil in the selection.of patients that 
can be treated with deoxycytidine analogues. 
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Expression of cytokines and growth factors in human 
glomeruloneph ritides, 

Waldherr EL Noronha IL , Niemir Kruger C SteinH, Stumm G 
Department of Pathology, University of Heidelberg, Germany. 

Numerous experimental studies point to the potential role of cytokines and growth factors 
in the pathogenesis of renal disease. However, from the various autocrine and paracrine 
mediators identified in vitro and in animal models, so far only a few have been 
demonstrated in selected human glomerulopathies. We examined two types of 
glomerulonephritis (GN): extracapillary GN with anti-neutrophil cytoplasmic 
autoantibodies (ANCA), an example of an acute form of GN, and mesangial IgA GN, 
usually a chronic form of GN, with immunocytochemistry, in situ hybridization and the 
pol>anerase chain reaction. Normal renal tissue from tumour nephrectomies served as a 
control, hi ANCA-positive GN with active renal lesions (crescents, glomerular and 
vascular necrosis), infiltrating niononuclear cells in glomeruli and in the interstitium 
expressed interleukin (IL)-1 beta, tumournecrosis factor (TNF)-alpha, IL-2, interferon 
(IFN)-ganuna, platelet-derived growth factor (PDGF) and transforming growth factor 
(TGF)-beta. Cytokine expression was also observed in activated resident cells, including . 
endothelial cells, capsular epithelial cells, smooth muscle cells of vessel walls, fibroblasts 
and some tubular epithelial cells. In addition, we noted an increase in the cytokine and 
growth factor receptors TNF-R, IL-IR type II, IL-2R, IFN-gamiria R and PDGF beta-R^ 
In contrast, in mesangial IgA-GN, IL-l beta, TNF-alpha, IFN-gamma and IL-2 were 
usually absent in glomeruli. Mesangial expansion in this disorder was accompanied by an 
increased expression of PDGF, PDGF beta-R, TGF-beta and IL-6 in mesangial areas, hi 
both conditions a good correlation was observed between cytokine expression at the 
mRNA (in situ hybridization) and protein level (immunocytochemistry).(ABSTRACT 
TRUNCATED AT 250 WORDS) 

Publication Types: 

• Review 

• Review. Tutorial 
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Malignant traiisformatiou of the human eudometrium is associated with 
ovei expression of lactoferrin messenger RNA and protein. 

Wahner DK, Padm CX Wrona MA , Heaiy BE , Bentley RC Tsao MS . Kolilcr MF . 
McLaclilan JA . Gray KB . 

Department of Obstetrics and Gynecology, Duke University Medical Center, Durham, 
North Carolina 27710, . ' 

In the mouse uterus, lactoferrin is a major estrogen-inducible uterine secretory protein, 
and its expression correlates directly with the period of peak epithelial cell proliferation, 
In this study, we examine the expression of lactoferrin mRNA and protein in human 
endometrium, endometrial hyperplasias, and adenocarcinomas using 
immunohistochemistry. Western immunoblotting, and Northern and in situ RNA 
hybridization techniques. Our results reveal that lactoferrin is expressed in normal 
cycling endometrium by a restricted number of glandular epithelial cells located deep in 
the zona basalis. Two thirds (8 of 12) of the endometrial adenocarcinomas examined 
overexpress lactoferrin. This tumor-associated increase in lactoferrin expression includes 
an elevation in the mRNA and protein of individual cells and an increase in the number 
of cells expressing tlie protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens exajnined demonstrates an increase in lactoferrin. We also observe distinct 
cytoplasmic and nuclear immunostaining patterns under different fixation conditions in 
both normal and malignant epitlielial cells, similar to those previously reported in the 
mouse reproductive tract. Serial sections of malignant specimens show a good correlation 
between tlie locahzation of lactoferrin mRNA and protein in individual epithelial cells by 
in situ RNA hybridization and immunohistochemistiy. Although the degree of lactoferrin 
expression in the adenocarcinomas did not correlate with the tumor stage, grade, or depth 
of invasion in these 12 patients, there was a striking inverse correlation between the 
presence of progesterone receptors and lactoferrin in all 8 lactoferrin-positive 
adenocarcinomas. In summary, lactoferrin is expressed in a region of normal 
endotnetrium known as the zona basalis which is not shed with menstruation and is 
frequently overexpressed by progesterone receptor-negative cells in endometrial 
adenocarcinomas. 
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Malignant TransformaUon of the Human Endometrium Is Associated with 
Overexpression of Lactoferrin Messenger RNA and Protein 
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ABSTRACT 

* In tht mouse wierns, laclofcrrin is a major «slrt>geo->nduc)b)e *jler>J>« 
secreiojy proteJn, and iis crpressiojo cor ret* Its direcily with ibc pcnod of 
peak epitbdia) ctB proJiferation. In this shidy, vft cjiamiDe tht expression 
' of lactoferrin mRNA and protein in bumsn eDdojnttriunH ei>dometrial 
hyper plBS»AS> and Bdenocarcinomas wsing iromuDobisiocberoistry, West- 
ern Smmunob}DttiDe» and Nor/b«m and in situ WA hTbridixation <ecb- 
niqnes. 0»r results reveal that IscloftrrJn is expressed in normal cycling 
cndomelnVro by a restricted number of glandular epithelial cells located 
deep in the zona basalis. Two thirds (8 of 12) of the entlometriaJ adeno- 
carcinomas examined over express lactoTernn. This tumor'assod^ited in- , 
crease in lactoferrin expression includes an elevation In the mRNA and 
.protein of individual cells and an increase In the number of cells express- 
ing the protein. In comparison, only 1 of the 10 endometrial brpcrplasia 
specimens examined dcroonstralcs an incrense In lactofcrrin. We also 
observe distinct cytoplasmic and nuclear immunosLabiing patterns under 
dirferent fixation conditions in both normal and xnaligDant epithelial cells^ 
similar to those previously reported in the mouse reproductive tract 
Serial sections of mfllignanl specimens show a good correlaiion between 
the localizatioD of lactoferrin mKNA and proiein in individual epithelial 
cells by w sint RNA bybridiiaiioD and immunobisfocbtmisUy. Although 
the degree of laclofcrrin expjession »» the adenocarcinomas . did not 
correlate wilh ibt tun>or siage, gi»de, or depth of invasion in these 12 
patients, there *as a striking inverse corrrlariop betwren the presence of 
progesterone receptors and lactoferrin in all 8 lariofrrrin- positive odenn- 
carcinomas. In svmmBTyy Isctoferrin is expressed in a region of normal 
endometrium known as the lona basslis which b not shed with menstru- 
ation and is frcqutnlly over expressed by progesterone receptor- negative 
cells 5n endometrial adenocarcinomas. 



INTRODUCnON 

The uterus is a sex sicjoid- responsive organ (hal plays a major lolc 
in womcD*s health. Hysicieciomics were the most frequently pci- 
foriDcd inajoi suigicaJ procedures in a 20-ytar study intcrvaj 
(1965-1984; Rcf. I). Fifty-eight lo 80% of ;htse 12-5 million 
pioccduics were perfoiroed foi csirogen-i elated disoidcrs of prolifci- 
atioD- Chronic unopposed esuogcn exposure, most commonly asso- 
cifllcd with type II ovulatory disorders, evenrualJy leads to the devel- 
opment of complex endometrial hyperplasia and adcnocarcrDoma. 
Since the sex slcjoids, estrogen and progesicrone, act on ihcii laigel 
tissues by icgulaiing the oprcssion of a wide variety of signaling 
lijolecolcs. identifying these itgulatory factors wiJI piovjdc criiicaj 
information rowards undetitanding uormal itpioduciion and rcpro- 
duciivc tract pathology. Om current tnowlcdgc of esirogen and pro- 
gesterone action on tbc repjoduciive tract is based jo a great extent on 
information collected from todcnis (7). Ah hough differences exist 
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between the rcptodnctivc physiology of rodcDls and baii)ans> the 
mouse has been a useful model for studying steroid hormone actioo in 
the human femaie rtpioductivt tract (3^ 4). Om potential icguJatoiy 
molecule shown to be regulated by estrogen in the mouse icproduciivt 
tract is laclofcrriij. Ladofcirin is a basic glycopjoiein with an extraor- 
dinarily high affinity fof iron that was originally discovered in milk. 
This protein is c^tpressed in a xvide vaiiety of tissues, roost notably in 
po)yrooipbonucltar Jeukocyics and, most mammalian exocrine gjan- 
dulai scactionS- In the maroroary gland (5) and tbc female reproduc- 
tive tract of it»c mOtrsc (6-8), lactofcnin is regulated by cndooine 
hormones. ProJaciin stimulates lactoXcirin synthesis in the. bicasi; 
whereas in ihe utcnis and vagina, the ovarian sex steroid, 17^- 
cstradiol, is the inducer. {6, 7, 9). To date, lactoferrin is one of the few 
genes thai have bccri identified in the rodent that are directly regulated 
by estradiol. The lactoferrin gene contains an ERE^ that is imporlaDl 
for. regulating its expression in vivo in the mouse reproductive tract 
Being linked to estradiol, Ihe expression of lactoferrin by the uterine 
epithelium parallels the onset of DNA synthesis. Although sequencing 
information suggests that Ihe human lactofemn gene also contains a 
fuDCDonal imperfect ERH in the S'-flanHng promoter region (10, 1 1^ 
there is very h'ttle data regarding laclofcrrim cxpicssioa in the human 
femaJc reproducrivc iiact. 

The purpose of our study was to examine the expression of lacto- 
ferrin in the human CDdoroeiriuro under normal and pathological 
conditions by ixnm unohistocb em istry, immutnoblotiing, and Northern 
and i>i sifu RNA hybridization lechnitjues. Id addition, we looked for 
coneJaiions between lactoferrin expression and several parameters, 
such as ihc stage of the rocDstrual cycle, ihc distribution of esbogcn 
and progcsi crone receptors, HER-2/ncu expression, markers of cell 
proliferation, and the hislopatbological grade and extent of myome- 
irial invasion in ihe adcDOcarcinomas. Our data demonstrates that 
lactoferrin is expressed in a very jestricicd number of glands iii the 
basal region of normal human endometrium and is markedly over ex- 
pressed in a significart number of the uterine adcnocaTCir>orDas by 
PR- negative cells. 



MATERIALS AND MEraOPS 

Tissue Prrparaiion ond llisioto^ical EvaJnstion. Surgical paibologj' 
spccinicns were obrainctJ horn Dulcc Uuivcrsily Mtdical Ccuicr (Dujbam, NQ 
aod ibt DtpaiimtDi of Faibology ar Monlital Gencial Hospital (Oucbtc. 
MosrrMl. Ci^sda). Cycling cDdcincliiiun wai obiiincd froro 22 women (aj^* 
31-^9); and auopbic cudomcnium was obiaJncd from 7 posmicnopausat 
women (agts 64-77), Hystcitctomics tioin cycling women were performed 
for subic;06al Icjomyoniaj (/j = 6). j>«Ivic idaxatioo (n = S), pelvic pun 
(« = 4), pciitojvtal cniiorntuioiis {n = 2), aod canctr ol eiilici the cat>ce.rv»:J 
(n = ]) or tbr ovary (/) = J). In iiliinion^ I? adcnocaKtoorooj, 3 <.typ>ca' 
complcjt' hypf rplasias, 5 complfx hyperplasias witboui aiypia, and 4 iimplc 
hypi;TpJa.<.i^j wtrc £na)y2rd. E^icb human iilcrus waj t>iv2Jvrii sbo/Lly afin 
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bysltjccloiny, and cndointtrram was itmovtd firom tbc fiindal icgknu A full 
tbkloicss biopsy was placed into dikes 10% Dtutral-bufftrcd foimaJio oi 
powift's solutioD ovcmiglil at room lempciatMrc bcfoic dchydraiioD, paTa£Gn 
embedding, and sectiopjng at 4 ^tnj on silanizcd slides. Histological cvalua- 
Dons of hematoxylin and tosin-slamed slides were perfonncd blindly by one 
I^Brd-certificd paiholo^sL Normal endometrial samples were dialed by die 
criiciia of Noycs et cL (12). Endorocirial hyperplasias and caicihoroas were 
classified accxtrding to the curicnt recommendations, of the Intematitmal 
Society of Gynecological PathoJo^sls under tbc attSfjiccs of WHO (13). 
Hisiologicat) grading of tumors was pcrfonntd according to Fedcrab'on Inter- 
jiationale dts Gynccologisles er Obsiclrisies criteria (34). Each specimen was 
^d a minimuro of ihrcc times, and only specimens that were read consistentJy 
ibc same way were included iii tbc study. Unstained sections of ihe same 
tissues wcie used foi the cylochcmical analysis of protein and mRNA exprcs- 
sioD using specific reagents. A few cndomcuial samples were frozen for 
subsequent protein and RKA cxti&ction, which were evaluated by Western aood 
Norlbcjn bJotting^ jcspeciivtly. AH human tissues were handled with ibt 
precautions and tbc guidelines required by BuJcc University and National 
JnsO'Tuie of Environincnta) Hcahh Sciences. 

ImmunolocnKiation. Slides chosen for study wcjc dcpaiaffinizcd and 
rinsed io 20% gladal aceric add at 4"Cfoj 35 s to inhibit endogenous alkaliric 
pbospbatBSc. All subsequent incubations and washps were ai roc»n tcmpera- 
tujc, ScctioDS were next equilibrated in PBS for 20 min and incubated fw 20 
roin with 1 J% normal goat seroni dijuttd in PBS to block nonspecific binding. 
Dricction of lactoftnin was performed primarily with a rabbit anti-human 
tactoferiin polyclonal aniiscra gcnciaicd in om laboratory and affinity purified. 
Similar results were also seen with a d on affinity-purified commeiuaJ antiscra 
(Biogencx, San Ramon, Ca). Following incubation at room tempcratuic wiib 
primary antiscra for 60 min, tbc sections were washed in PBS rwice for 10 min 
each, and lactofcjrin was localized using an alkaline phosphatase-biotin- 
SDcplavidin dettctioD system (Vcciasiain ABC-AP kit: Vector Labomiorics. 
BurJingamc, CA; or the Super Scnsilivt bctcaion System: Biogcncx, San 
Ramon, CA). To identify nonspecific staining, preiirmiune rabbit scrum was 
used in place of ibc primary antibody. The inimunoreaction was quaniilatcd by 
dc icrm in ing ihc pcicentagc of glands and ibc pcjctnlagc of cells staining for 
• lactoftnin in the 20na basal is and ihc aona funciionalis, with a rninimum of 
300 cells counicd in each region. PR antibody was provided by Geoflrcy 
GjtcDc (KD6e), and a comrocrciaJ sou/cc was also used (Biogencx^ San 
Raroon^ Ca). Idcniica) staining patterns were confirmed wjih both pjepara- 
tions. Olhci commcr dally obtained antiscra include PCNA (Biogtr»cx, San 
Ramon, CA\ ER AMAC, Wcstbiook, Ma^ MlB-1 (AMAQ. and 

HER-Z'nfw (Biogenex^ San Ramon, CA). Tbc primajy antiscra incubations 
were 2 b foi ibc PR» J b for PCNA, MlB-1, and ER, and 30 min for 
yVER-Vneu. Aotisoa dilutions wcic 3:100 Joi .MIBO and 1:20 for HER-Z/nei*. 
Antigen reuicval (Biogcncx. San Ramon, CA) was performed before adding 
the pjogcsteronc primary aniisera. 

Western Blot Analysis. Proteins wtrt om acted bom cndoraciiial biopsies 
by torn ogcnizat ion on ice in }% Tiitbn-X and 20 m.M Tiis-HO (pU 7-4) -w'jth 
poicasc ijihibitots (10 >igfinl Icuptpiin, 200 KU/ml apiotinin, and 20 Hg/ml 
phenyl K)cibyl5uliony I Duojidc) and claitficd by ccnn ifugarion at ^5,000 rpm 
for 30 min in a BecXman 70.3 Ti lotor: then ihc supernatant analyzed foi 
ptotcin coDCCDiiaiion by tbc BCA pioitin assay (Pic/ce. RotWoid, IL). AU- 
quois of 200 fjg wcrr separated by clecirophorcsis on an 8.5% SDS polyac- 
lylamide gel, bloticd onto nitroccUulosc niembiancs, incubated with poly- 
doni] labbil aniibuman Isciofarin aniisera, and localized wiib an "-J- labeled 
dwiJccj ^ti'i&bbii immunoglobulin, t; described prc^-iously (7). 

hi Sirv Hybridiiation, Al) slides -wtir pre treated iviih 02 N HO for 50 
min at room icmpoanjre, digested wiib J pc/ml pioteinasc-K (Sigma Qicm- 
jcai Co... St. Louis, MO) b O.i M Tris-HCl \pn 7.4V C. 05 w HDTA 'ot J5 niir. 
31 37"C. and ibtn ncatcd wiib O.J ht uitibanoIaDiiue-0-25% acetic anhydiidc 
'or 5 min ai.iooro icmpcraiurc and 0.1 w Trii- glycine (pH 7.4) ior 30 min ai 
room itn>peialuie. Tbc scciiojis wot iubicqurnlly dchydfaicd with graded 
nh?))ol. ail dried, and pithvbiidizcd ai 50"C for 1 b in 2 > SSC, 30 mM DTT, 
i X Dtnbaidi'i joJution, J 00 pp/ml ot botb salmon <pcjro WA and ycait 
iP^Na, and 50% formamidc (13). The if>dc5 were ibcn hybiidiicd ovenjigbi ar 
in ibc yaim uitdiuin wiib 10% do nan suUcic and 2 JO* cym^fd oi ibc 
H'^'fi/ic RNA proU. TIk Iscto/cmD £>Ii^(>nuc!coiidc piobc was itMipliOcd by 
J'CR ij.'inf piimris ihzi ip:.nn:d niKlfCuidcs 718-J654 (10) and clone d into 
K'tM-'iZ. --S-I;ilt Ud ^cnw s»h» iint>Mri)i,r RNA piobr.^ were node with the 



Promega Ribopf obe kit (Piomeea. Madison, Wi). washed twice in 1 X SSC for 
10 min ai room temperature, digested with RNasc [Z8>g/ml lU^ase-A, 03 
pg^ml RNase-n, 10 niM Tfis-HQ (pH 7.4), and 15 mM WbOJ, and wasbttJ 
ag?ip with 1 X SSC twice for 20 roin each time at 50^0, tiw'ct for 20 b 
OJ X SSC at 55*C and pnct fox 20 min al 60^C Tbc sections were then 
dehydrated and dipped- b Kodair autmadiographic cmubion (NTB-2) for 
detection of spedCc mRNA txpiessioiL Tbc slides wtit afiowcd lo develop for 
2 weeks. After this period, the sb'des weit: developed twang Kodak 0J9 
developer and Kodak Kapd Fixcj. 

Norlbcnt RNA AnaJyas. Total celluJai RNA was purified bom btmn 
tissue by tnc guanidin? isotbiocyanatc-cesiuin chloride mttbod, and poly(AO* 
RNA was isolated by oligo(dT><c«ulose chromalograpby using methods 
described previously (35> For Nortbem blot analyiis* poly(A*>,RNA-was 
resolved by electrophoresis on 1.5% formaldehyde agarose gels, stained with 
ed)idiuni bromide, and transferred to a nylon membraDC. The membrane was 
probed with a ^P-labelcd lactofcrrin cDNA derived from human uterus (no- 
dcoiides 718-1654; accession no. S52659) using PCR tcchm*qucs» followed 
bv cloning iiito pGEM-42 (Promega. Madfcon, WI). In order to insure thai the 
qiality and quantity Of RNA analyTtd by Nortbem blotting was e<juivalcnt 
between control and treated groups, the Wot was probed simulbmcously for 
g|yce!aldeJ)yde-3-pbosphatc dehydrogenase. 

. Statistical Analysis. Vabes arc presented as means :t SD. Differences 
bctwecD the zona basalis arxl fnnctionaJis were Icsicd by the two-taflcd 
Studcm*s ; test * ' 

jyESULTS 

Immuriobislocbemical Analysis of Lsc I of errin Protein 

Normal Cycling Endometrium. ImrBUDohisiocbciDical studies of 
Dormal cycling human endometrium localize lactofcrrin protein pre- 
dominantly lo the glandular epithelium deep in the zona basab's and 
not to ihe funciionalis (Fig, 1A> Tbc.assodatJon of laclofcmn protein 
e;ipression with the zona basalis is staUsU'colly significanl. (P < 0.001; 
Fig. 2). TVo to 56% of the glands cypress lactofcnin at any given time 
during the mcnsuual cycle. U'ithin positive glands, lactofcrrin protein 
immunolocalization js heterogeneous in that positively staining epi- 
thelial cells arc inicispctscd with cells negative for haofcrrin expics- 
sion. No appflicnl diiffcrcnccs in moTphology, PCNA, ER, or PR 
ejtpjcssion arc seen to account for the hctciogcneous pattern of inua- 
and inici gland lactofcrrin expression in normal endometrium. Similar 
10 OUT previous findings in mouse uterine epithelial cclls» the positive- 
staining glandular cells of the human endometrium deuionsuatc two 
distinct iramunostaining patterns for laciofeirin, cytoplasmic and nu- 
clear {Fig. 15), seen with botb formalin and Bouio's fixation. Jn 
evaluating the icmpoial e;tpicssion of lactofcnin, there is a trend 
towards more glands expressing lactofcrrin during the scciciojy 
phase. Because of the laigc variance, tbc trend is not siaiisiically 
significant. As c:»pcctcd, the polymorphonuclear leukocytes in the 
cndomeliium also stain intensely for lactofcrrin piotein, which »s 
stored in thcii secondary granules (Fig. 3). These results dcroonsuatc, 
foi the first time, that lactofcrrin piotcin is cxpicsscd in tbc hurnan 
cndomeuium picdominaicly by polymorphonuclca] leukocytes and 
epithelial cells of glands located deep in ibc 20na basalis. 

Proliftralive Endometrial Disorders: Jlyperplasios and Adeno- 
carcinomas. Immonohistocheroisiry reveals that the cj(picssion of 
hac'ifjjir, pjr.ifJn i,^ if}ac3,^d in 66.6% (S fif 32) of ihr cndo^nciriaJ 
adc)>ocarcinomas e^iaroincd. In one-half of these cases (4 ol 12), 
lacrofcnin is intensely c^cpicssed by maligriant tpilhtlial cells 
ihiDUEjioui Ihc entire tuniofs O'ig- 'Tbc other foui adenocarcinomas 
demojt^uaic inarascd staining for I:(Ctofcjiin in concrtniatcd iceions 
ol ihc riiino;s. In all tight ca^cs ^vhcIe lacuiftnin t-^tprc-^-Mon is 
tlfvaied. rbc celk cxpiessing lacioftirin have one ^iJJ)ltaIJty ^-^h 
rjcrmal positive glands in that they dcmonM/aif. hcif PO^H-ncOi>5 stain- 
ing ol inltrifK'iicd positive and iie^idiivc cclh. Howr vn, ibc cxpics- 
Mon oi iictoienin by ibc ,n):Oi^nanT ccll^ fl^ :.:ly (titftiL- fiom nonnat 
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Fit. J. Localiuiion ol J»aofcmn pioiein in normal 'cyOmg emiorotuium by jmin»- 
■ nobisiochtiDUtry using » specific polyclonal antibody. Our siul/sts rtvtsU Ui»l Jaciof- 
tmo pTOifin is pjtitnrb » limittd nuihbcx oS glands locaicd in iht zona bssalis of the 
ct)()Dmc»toni (AX X JO- Also>, noit that laciofcrno is Uicro^cncoos within positive 
f land), if., ctlls sisioinj fo» )»cto*cnn» we intcnpctscd wifb ne^siive-siaining cpfttKlieJ 
cells ihxtjughoul ihe -bnd. Two imnfiwnobiJicchcjnical suJm'nf ptllcros •/c noted lot 
l»ciofcmn in oorn>»l wierinc cpiiheJium. b» ont paUem, Udottn'm protein is immunolo- 
csliud piimariJy ovn tlic cytoptiim (^^X ^^^^ oibci, ibc iteinJng A &ecn ovcf the 



positive gjands in that ibc Jaclofenin is not Jjj))iicd lo tbc basaJ icgions 
of ihc tuxDOis, many roojc ccDs aic positive, and ibc reJalivc iniensiiy 
of the siajDiiig ovei individuaJs ceUs is incjcascd. AJthougb increased 
Jaao/cnin cxpicssion is associated with niah'gnanl Iransfonnalion, we 
do not find a con elation between Jaciofcnin piotciij picsencc and ihc 
Eiagc, nuclcaj.giadc, Fedciation Jntcmationalc dcs Gynccologislcs el 
Obsietrisics grade, oj tbc depth of myometrial invasion in ihe 32 
lumors studied (Tabk J). )n sharp contrast to the common dysicgu- 
Jaiion o( Jaclofcirin c:)(picssion found in ibe roaji^ant cndorocirium, 
onJy J of ]0 cndoroelriaJ hypei7)lasia specimens evaluated contained 
an incicascd numbti of cells staining foi laciofemn. Tbc hypcjpJaslic 
ipeci/nen overejtpjcssing Jaclo/enin was read as complex wilhoul 
atypia. 

/n Sifu .-ind Nort hf rn Analyses of Lacfoferrin mRNA 
Exprtssion in Normal and MalighanI Endome trium 

To funhci our undcisisndiRg vi the Jocalion cf lacio/cnin pjoicin 
synthesis in (he human cndomcrjium. we examined bciofcnin mRNA 
expression by in siiv and Nojihem hybridizaiion using specific ^^S- 
labeled piol^cs lor human lactoierrin. No dctcciablc RNA hybridiza- 
tion is obicr-vcd in (he nonnal cndoineirium by In jiiu bybridijalion, 
even in ihc pjc-^rncc oi iromunodclcctable pjotcin, usins equividcnl 
hybridi^viiion condiiioni and development times as used foi the ade- 
nocarcinomas. Consifient wiih the jcsolis obtained by in jiiu liybrid- 
17. a I ion. \oi}^ cy pot vie ujrmb weie. lequiied (O demons naif laciofcnin 
niKNA in noniial t-ndoiocriiuii) bv Nonhrjo hJoi uyju^ FO}y{A *}- 
inT^NA. Thii indie.) res Wicit lacioUuin rnRNA is pjesrnr in normal 

mo 



tissue but in vciy low levels, consxsicnl with ibc very limited pancm 
of piolein cxprcsaon in itormal eBdoroctiium. Bquivalcnl RNA load- 
jDg and quality for each specimen was demonstiaicd by etbidionj 
bjomidt staining of the RNA gels (data not shown) and by probing foi 
the housekeeping gene glyceraldcbydco-phosphatc dehydrogenase 
that does not fhiciuatc significantly with ibc roetabolK: stale of the 
tissue. A representative Northern blol is shown in fig. 5. In situ 
bybridizaiioD with several adenocardiijomas revcaJs thai there is a 
direct concJaiioD between the localizahon of laciofcrnn mKNA and 
the iminunostaming of expressed Jactofem'n protein ^Fig. 4). Laoof- 
errin mRNA is not associated with polymorphonuclear leukocytes by 
in situ hybridizatioD in either normal or malignant tissue.* - 

Western Biol Analysis 

To confirm the specifidiy of ibe antisera thai we used /or immu- 
nofusiochcroisiry, we perfbrmeif >VWtem biot axja/ysrs on prottins 
exUactcd from both normal and roalignani endometrium which were 
separated by 8.5% SDS-polyaciyl amide gel cjcciropborcsis (Fi& 6)., 
Iromunobloning identified a singJc broad protein band with a roolcc- 
ular weight between 70,000- 80,000 in both normal and neoplastic 
endometrial tissue homogcnalcs, consistent with the reported molec- 
ular weigbi of human lactofcrrin. Supporting the imrounocyiocbcmi- 
cal analysis, a repiescmativc imrounoblot clearly demonstrates that 
the proportion of protein that is lactofcnin is roaikcdly inacflscd in 
the adcrwcarcinoroas in comparison to the normal endometrium. Tbc 
moleculai weight of lacioferriD in the adcnpcaicinomas appears lo 
have a slightly higher molecular weight thai tbc piedominartl form in 
normal tissue. 
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Frg. 2. Pricerii35c of tni)i»ii>rjM3( pIl-tmU t^picAiiiig iBOrJ^rrin piOlcin by mioMinO- 
hisiDrhemislrv. Sifrnffrtul)/ moit fl'^nOi ajc potltlv, in ihf itpt^o of l^t ?or>a baw'^ 
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Fig. 3. PoIytDorphonuckii Jtukocytci (orr*r»'j) arc fancied ihiou^boui iht tndomt- 
tiiom and Mftin imcnscjj (oi IsriD/trrin. L-scloJeirin is > Krowd compontni ol tbc 
iwronduy granules in polymoipbonucltii Jcokocyiti. Tbt prtitoct oi a scgtncjaitd 
mirkus snd iKiioftmn pioicin ia so cxcellcni method (oi idfuii/ymg ibis group of 
iDflBinmaroTj cflls. A ^ 20. X 60. 



Correlation of Lactoferrin Expressjon wilh tbc Expression of 
PCNA, Ki-67, HEK-2/»ru, ER, and FR 

In ao aricmpl to chaiactciizc the phenotypc of cndoroctiia) cells 
which cxpicss Jactofeiiin, wc pcj formed irorouDOhisiochciuistiy on 
striaJ sea ions for the Ki-67 antigen^ PCNA, HER-2/nf Jaciofcnin, 
ER, and PR. In noTroal tissue, Ki-67 a»d PCNA expiession aie cell 
cyclr- specific inai)ccrs oi cell pioJifcraiion {]6, 17). Upon analysis of 
Donjial cycling cndorocdiuni, do ;cJatiomh)p bcrwccn laciofeuin pjo- 
icin cxpjcision and ER, PR, or Ki-67 xxpicssion was observed. 
SimiJaily, in most of the adcnocaicinomas cvaIoalcd» no icIaljOTiship 
was noJcd betueen laciofenin and PCNA piotcin cxpjtssion. How- 
rvcj, in one adenocaicinoma (Fig. 7), iheic was a cJeai inverse 
tcbtiorjship.secD bcmccn Jaclofrnin and PCNA locaJizaiJOn, which 
was picscni tliiougboul rbf cntiic tomoi. Most diamatic, however, was 
> iUilting imcrsc conrlaiion seen between Jaciofcrrin and PR exprcs- 
iioD in 8 of 8 PK- positive oicrinc adenocarcinomas (Fig. 7). Two 
luHDors negative for PK also did not express laciofcrrin. AJt bough an 
iftvcfic cojielaiion was a bo siig^tMcd with HER-Z'/icu and PR, Die 
iDvtisf conflation w;!i, ntoic precise ftitb laciofcrrin in these lurnois. 

»>1SCL'SSJ0N 

In ihf mouse uiem*., Incroitr lin h :in cstr opt- n- induced u»tr in c 
-tcrciory pjoicin that )^ jirt:>*:ni dtj ou/z.I>our ilic rpiihciiiim (7), anti ii 



is cxpicsscd coDCOnoitanUy with cpitbclia) cell pjolifciatioxi. In cod- 
irast to IactofciriD*s ubiquitoiis expression in tbc cstrc^cnizcd mouse 
uterine cpitbclium, Jactofcnin proJcin is litDitcd to glasdular cpithclia) 
ccHs in tbc basal regions of nonnaJ human CBdonietriuin and usually 
to glands ibai were directly adjacent lo the inyometrimn {ic, the 
deepest glands of the zona basalis). This itponal localization of 
lactofcrrin . expression is nol surprising in that other biocbanDical. 
. parameters have been jcporicd to show site sptdfidty in primate 
endometrium. These parameters include the proliferative index and 
the expression of the secretory component of IgA {IS), Similar lo our 
observations in the endometrium, lactoferrin is also expressed repon- 
ally* in the mammary gland. In bovine breast tissue^ lactoferrin is 
localized primarily to the basal alveolar cells (39^ whereas in human 
breast tissue, the ductal cpiiheliuro appears lo be tbc primary source of 
. secreted laclofenin during lactation (20). 

Bxamining the endometrium on different days of the menstrua) 
cyde dcmonslralcs a trend towards incicascd lactoferrin expression 
during ibc luteal phase. Although this data is not staDstically signif- 
icant, the cyclic variation may be biologrcaJIy relevant Kim ct oL (21) 
recently reported that the basal endometrial epithelial cells are unique 
because ihcy proliferate during the postovulatory luteal phase. Inter- 
estingly, in the mouse utems, tbcic is a direct correlation between 
lactofcnin c^iprcssion and cpiihclial c:cll proliferau'on (6). Therefore, 
lactoferrin may have a similar lole in tbc homsn and mouse endome- 
trium. U lactoferrin -expression is cyclic, the ERE in the S'-flanlcir^ 
promoter region of the human lactoferrin gene rnay t>c aclivatcd 
during the luteal phase (30, 33). 

Another similarity between buman and mouse uterine lactoferrin 
expression is the obsciyatibn of two jmjnunohistochemical stain bg 
pailcms. In one pattern, the anirscra binds primarily over the cyto- 
plasm, and in the other, tbc nucleus is the primary site of localization. 
Although this could represent a fixation artifact, wc have now ob- 
served this partem in two species and under different fixation condi- 
tions. It has been demonstrated that signaling peptides, i.e.. plalclct- 
dcrivcd growth facloi (22), lnl-2 (23), and probasin (24), can 6c 
selectively directed into the nucleus, cytoplasm, or seoctcd. it is 
believed that this differential processing may allow pioiejns to have 
intraciine, auloainc, and paraaine lolcs, depending on the physio- 
logical state of the cell. The two locSKzarion patterns observed suggest 
that lactoferrin might have signaling seqoenccs that direct the final 
destination of the matuic peptide. 

In normal endoroetriuro, lactoferrin roRNA is present but in very 
low levels. Prolonged exposure times arc needed lo visualize the 
mRNA band with Northern analysis. Although with in siru hybrid-, 
izarion the- lactoferrin mRNA signal is easily seen in adenocarcino- . 
mas, we failed lo localize the lactoferrin mRNA in normal endome- 
trium using an equivalent c5(posuie time. These low Jcvcls of mRNA 
in normal endometrium suggest thai the syntliesis and degradation of 
laclofenin mRNA is more tightly legulaied in normal tissue than in 
llic adenocarcinomas. Bcc3U.se of the low levels of message in r>OJmaJ 
tissue, we arc unable at Ibis time to definitively conclude that laclo- 
fenin mRNA is synthesized by tire same epilhclial cells whicli express 
tbc pjoicin. 

In rndonicUial adenocaicinomas, malignant transformation of ibc 
endometrium is associated wiih the up-jegu)aiioD oi Jactolcriin 
mRNA and pioicin biobynthesis. The up-rcgulation at the RNA level 
is dcroonstiated by an increase in steady-state RNA levels using both 
in iirv hvbridiiation and Notihern analysis techniques. In ihcse can- 
cers, wc also obstn'c an inert ase in the rtyrrrbei of lactofcnin- positive 
cells, which opjcss both ihe p/oicin and inRNA. In this study, 8 of 
Lbr 12 adenocarcinomas cvaJoatcd ovcrcxprcss laciofcuin. compaicd 
with only 1 oi Ip hyperpIaMic Npccimcns. Tbc foirn of lactoferrin 
■pjottin t:>ti:)Cicd liorn tn dome trial aiJt:noc;ucinorn:ii apjjcars Uj have 
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Fig. 4. Co]ocal|ui)oa ej licIoftniD pnxcin (Up panels) wxl 
mRKA {right pofxb) in a nomtal pioJif eta rive tDdcnDCtrium ind 
tndomctrbl tdcoocardDOmn by pofoming immunokistocbUDb- 
try wd in j/ai RJ*A byhiidizaiion on scnaj iccrions. Dual analysis 
of protein ud mRHA e:xpreu)oD ftvuls that glands normal 
cM^oiDcininD do not have dtiectabJt mW? A, is me^^sTcd by m sim 
hytwitK»tion (top ponth; X wkcitas analysis d the adtno- 
catdnomas dt»i)y dcnxinsiraits a dijcd contlaiion bciwcen pro- 
uin bnd RNA wjntsskm Joj Jsoo/tnin {jniddtt and 2«f/omponr/j; 
X )0). Nore ib&t booforift p;otcto and roRNA is distributed, b i 
bcicit^cncoia paticn> in ibc epiihttial ccHs of tbc adcnocaioDOmas. 
As is showD m Hg. 1, > beitiDgeneojJS staining pattenr laoo/- 
errin proicis is iIsq seen Owjucoily Id ncrmal cndomctriiuiL 







a slightly bighcj TnolccuJaj weight than Ihc protein piescni in norroaj 
tissue. This couJd be due to alterations in the processing of the 
lactofcirin mRNA, piolcin, or glycosylation by. iht malignant ceJJs. 
Alicinaiivcly» tbcjt could be roinoi diffeitnces between Jactofcrrin 
piotein which is pjcscnl in neutrophils and the fonn synthesized by 
uterine epithelial cells. Wc suggest two hypotheses to estplain Jactof- 
crrin ovcicixpressibn in cndomctjial adenocaiciDomas. Ih the fiist 
hypothesis^ la a of en in biosynthesis is dcreguJatcd by the saroc pjo- 
cesscs thai lead to the malignanl transforroation of endometrium. U 
this hypo diesis, is Uue then laciofcjrin may be a useful mailiei for 
cndoDJct/ial adci>ocajdnoin3 investigation, and fuitbcr research is 
needed to dcleiroinc whclbcj laciofcnin plays a contiibuting lolc i» 
the inahgnani tjansforrnation. A second hypothesis is that lanoferrin- 
positivc human cndomc trial adenocarcinomas evolve fjom ibc clonal 
expansion of cells lesiding in ibc jcgencjative zone (zona basalis) of 
nojmal endoroctrium. It is inleiesiing to speculate that laciofcrrin 
cjcpiession in endometrial cancel may be linked to estrogen action in 



some way, since pjolifcraiivt disorders of human cndomciriym arc 
linked to chionic estrogen exposure over several years and sequencing 
data suggests that the promoter for the human laciofcrrin gene docs 
contain an ERE. 

Although d)e function of lactoferrin is unltnown, a variety of 
biological roles have been proposed for lactoferrin which could link 
this pioicirr to a role in cancci, including the legulation of DNA 
synthesis (25-29), modulation of the immune response (25, 3()> 3})» 
and iron transport (32). Some forms of lactofcnin arc reported to have 
RNasc activity (33, 34). Scaeted RNascs arc involved in develop- 
ment, reproductive funcdon, neoplasia, angiogcncsis, and immune 
suppression. (55, 36) If angjogencsis and io^munosupprcssion arc 
components of laaofenin RNase activity, these properties could pro- 
mote tumor growth. 

In the cndorpc trial adenocarcinomas, wc observed a heterogeneous 
e:iprc5sion pattern for laciofcnin, PCNA, Her-2/rtetf, ER, and PR- 
With regard to prognosis, patient survival is reportedly worse when 



Table 3 Corrrlotion lanoftrrin ctd FJt tspTtaion h: hittrtott rmtomrtrio) nrirttoforihwmoj 
An invriM (.onclsiion imJjcatei lhai tacioltrrin and pjojciiejont, wtjt noi c:»pit3xd in Otc same jrcJons of ibc iun>oi ))_¥ ►mmunohij toe hem real rnalyris, PR w»s dcieOcd wJth the 
anuscta KD6S» >nd iBCio/tnin »«i (?rtcatd. by 3 specific porj'cJonal anmua. 
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Pig. 5 Nortbtm >jia)yiii of Jactofriiin mRNA wp>c»ioD confifios ih»l ti>cten>tiria) 
adtnocMciuoiDM (Z^»« 3 wid iifniJionity ovcyexpitsj ibe 23-)o)oIki« uanscripi cf 
hujnan laaofcrria »» compariscio to normal endonitirium {Lona I »nd 7). The Hw^^ 
)ivbjidi2*tion daia joppoJii ibt in jin» RNA itsulls and conftni)* ihftl l&ctofcfna RNA 
eiprwwoD « dysiesobrcd in uurinc ide nocaicmOiDM. Noma) uitrinc twttts apptai to 
ajniain Jo* Mwdy-suu RNA ItvcJ* oJ t»cioitmn, icOt cling > contjortcd paiitro of 
prolrin ciprttsioD. Equiva]tDl RNA »D»diT« and qwliiy Io> "ch sptdmai W dcmoo- 
suaiLd by tlhidlttm broroide Maininj o/ iht RNA geb (daw not shown) and by piobmg /or 
> kowukceping gtnc {glycenldchydc-J-phosphale ceh)Crogtna«) ihsl does not fluctuate 
sjgDifiontty wiib ilie mciaboJic siait of ibc lissut. 
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cDdometria) adcnpcaidDoroas Jose sex stcioid receptors (37, 38), have 
a higher proJifcralrvc index (39). and demonstrate DNA aneupJoJdy. 
During the turoor progression of cndoinctrial adcDOcarononoas, it 
appears thai the loss of steroid bormoi>c receptors occurs earlier than 
cither the increase in proJifcration rale or the developroeDt of DNA 
ancuploidy (40). Id our study, we note » stiikiDg inverse concJation 
between the cxprcssjon of lactofcixin and PR in the cndoirMUiial 
adenocajcbomas. An inverse reJationsbip also has been dcsc^^cd for 
HER-TJneu and PR b endometrial adenocarcinomas that correlates 
with patient prognosis, Furlbcrjnore, in cancers of the human endo- 
mclrium, ovary and breast Her-2//urw expression has been assodalcd 
^vith advanced disease and poor survival (41-43). HER-Vmu is an 
oncogene that shares sequence homology with the epidermal growth 
factor jcccptor and is speculated to coDlrr>utt. to aberrant growth. Of 
note is that lactoferrin biosynthesis in the mouse uterus is assodatcd 
with ihc expression of the cpidciroal growth factor, like HER-Vncu, 
the epidermal growth factor leceploi is also frequently ovcjexprcsscd 
in PR- DCgative cells of endometrial adenocarcij)omas (44). The am- 
plification of growth factor receptor expression in PR-ncgaDve cndo- 
mctiial adtDOcaicinomas may be associated with the acquisition of 
growth auionomy and hormone independence, which may contribute 
to the poorer piognosis of PR-negative endometrial cardnomas (45). 
Some cndojBcm'al adeDOcarcinomas, ioduding rccuncnt tumors, can 
be treated successfully wiih progesterone therapy (46, 47). Although 
the significance of the invcisc lelationsbip between lacldfeirin and PR 
expression is not known, we speculate that the PR-negative cells do 
not undergo ibe normal growih inhibition and secretory diifcieniiaiion 
normally assodatcd with progesterone action. 

A survey of human tissues reveals ihat lactofcnin is expressed by 
most normal mammalian exocrine glands and may be a prognostic 
marker in tumors (20). Lactoferrin is found in norma] ductule breast 
epithelium and in primary breast carcinomas. In breast lumoiS. there 
is an inverse conebtion between laclofeirin and ERs (20). Notably, 
Jactofcnin expression in breast cancer may fall into the same category 
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Fig. 6. Weill ni bICH analysis uiing an aniistwin 
sptciBc foi buroan lacioftrrin w»J pcrfoimcd on 
pjoicinij tsiiacwo horn norraaJ'and mUignmi to- 
doir.ctnuin and scpajaitd by SPS-polyacrylamidc 
jtl c kcuoplKM tsis. A bioad prortio baod vilb a 
mo)tcu)af »cight btt^ccn 70,000 and 30,000 is 
delected in bwb nomialand otoplasiic tndomtlri»} 
■ibsuc 'homoftrou.i^ coniijuni wiih ibe jtporttd 
moJtculai wtigbl ol human lacioftrrjn {A}. Tbc 
nioM significani obitrvatioD fiom ibc immunoblDt- 
>jii| sritdici 11 dial JactoitmD pioit'o-. h msikedJy 
tJtv^irtf in the actnocajcinomas, in companion lo 
Dorm») rndon>cmuin. vbicJ) tjippotft (bf inmvDO- 
rytochcniciJ anaJysb ditl derooDsiraua f jifsui 
numbci oJ ctJJs posiiivt /ot laciaJcnio pjoirin in 
tht uitrinc iun>ors. B. ihr itlaiivf zinounl of p»o»cin 
loaded in Of b laftt by Coomasut blue siaining. 
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Fig. 7. ContUtitm d Jaciof ari» pottin expo 
sifw wiih tbc PCKA, a mMVex oi pdiferstwo, and 
PR as intasuicd by immonoMsiochcxDistrjf per- 
fonned on serial scctkms; X 7p. In jnod cases. i>0 
jtlaUonship bctwtcn bctoltmn aod PCKA expor- 
sion is loimd in t\xhu uomul o» malipja« "»do- 
tttimntt (a»ta P<» iJ"^)- Ho**^"' ia 1 of 12 
Kfcjiocarcmojnas, " invcrac nrrcbWHi » sctn 
bciwc« lactDfcmn (A) «nd K>JA (fl) »o«li2> 
tk>iL Tljis unking ptwa consisitm tfiiougb- 
ottl ihe. eniijt tumw, sufgcilbs ibt poss*iI»»y ™ 
c=U c>ck legulaiion of J»ctoftnic cxyatsstm m 
tfitt adcDOcardnOiua. Wcm^jowlr ** 
inverse conc)»iioB beiwttn Uciofcmn (C) and PR 
txprtsskiB (D), wbicb was swB in aiU eiglrt 
incioai adcnocMonojnM which eapfjss«* PR- 
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2S the othM mailtcis iw ER-Dcgaiivc mroors, such as amphficanon ol 
EGF iEcep!OJ.HER-2;neu, and ijansfonning growth factw a expres- 
sion which aic associated with poor prognosis. In gastric carcinom^, 
]actofcrrin cxpitssion is assodattd with traDSfoimatron of spcofic 
cell types including iniestinal-typc caiciDoroas, adcDomas, and incom- 
plete imcstinaJ inciaplasias (28). Although this is complete specula- 
tion at Ibis time. pcibai>5 laciofcnin ovciexpicssioD in the various 
malignancies roav compkrocnt the actions of the growth factoi path- 
way molecules and conniboic to ibc autonomous gjowih oi these 

himois, , 

)n coDcJusion, out studies reveal that lactolcnin is. associated 
with a unique population of epithelial cells in the zona basa})S and 
ihal lactofciiin ovcrc^ipiession may be associated with raaiignant 
tians/oimaiion oi the human cndonDcnium. Furihet studies arc 
needed to elucidate the roJt of lactoferrin in normal and pathoJpg- 
icaJ endometrial physiology. 
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CcH proliferation in human soft tissue tumors correlates with platelet- 
derived growth factor B chain expression: an immunohistochemical and In 
situ hybridization study. 

Wang J. Coltrera IMP . Gown AlVf . 

DepartmentofPathoIogy, Universityof Washington, Seattle98I95. 

The authors tested the hypothesis that the B chain of the platelet-derived growth factor 
(PDGF), a known connective tissue mitogen and growth factor, could be expressed by 
human soft tissue tumors, and that its expression could play a role in the control of cell 
proliferation in these tumors. Using a set of 56 soft tissue tumors, including benign 
tumors and all three grades of sarcomas. PDGF-B chain protein was localized using 
immunohistochemistry and PDGF-B inRNA was localized using in situ hybridization. 
The hypothesis that PDGF-B expression was related to cell proliferation was tested by 
sunultaneously demonstrating the expression of the proliferating cell nuclear antigen in 
sequential tissue sections of the same tumors. Sixty and 82% .of tumors had demonstrable 
PDGF-B mRNA and protein, respectively, with a strong correlation between their 
degrees of expression (P = 0.0001). Among the sarcomas, a strong coirelation between 
PDGF-B expression and increasing malignant tumor grade (P = 0.006), and between 
PDGF-B expression and increasing proliferating cell nuclear antigen index (P = 0.01) 
was found. All tumors were also demonstrated to express the beta receptor of PDGF via 
immunohistochemistry: These studies suggest that PDGF-B expression may be an 
important mediator of cell proliferation control, via an autocrine mechanism, in human 
soft tissue tumors and may correlate with clinical outcome in the sarcomas. 

PMID: 790391 1 [PubMed - indexed for MEDLINE] 
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Expression of cadherins and catenins in paired tumor and non-neoplastic 
primary prostate cultures and corresponding prostatectomy specimens. 

WangJ. KrillD. Torbenson M. Wang Q. Biscegha M. RtonerJ^ Th».^oo ^ . 
PeFlavia P. Dbir R. Becich MJ . ' 

Department of Pathology. University of Pittsburgh Medical Center, PA, US A. 

Cadherins are a family oftransmembrane proteins that play a crucial role in cell : 
differentiation, cell migration, and intercellular adhesion. Cadherins are associated with 

catenins through their highly conserved cytoplasmic domain. Down-regulation of E- 
cadhenn protein has been shown in various human cancers. This study examined the 
expression of cadherins and associated catenins at the mRNA level. Paired tumor and 
nonneoplastic primary prostate cultures were obtained from surgical specimens 
Quantitative multiplex fluorescence reverse transcriptase-polymerase chain reaction 

(QMF RT-PCR) and quantitative analysis were performed and correlated with 
immunostain results. Six of seven cases of neoplastic cultures showed moderately-to- 
markedly decreased levels of E-cadherin and P-cadherin mRNA. Similar losses of alpha- 
catenm and beta-catenin mRNA were also observed. The results of QMF RT-PCR 
showed good correlation with the results of immunohistochemical shidies based on 
correspondmg formalin-fixed sections. In conclusion, this paper presents a coordinated 
down-regulation m the expression of E-cadherin and associated catemns at the mRNA 
and protem level in most of the cases studied. This down-regulation may play an 
important role in the pathogenesis of prostate cancer. 
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Abstract Cadherins are a family of transmembrane 
proteins that play a crucial role in cell differentiation 
cell migration, and iritcrcclluJar adhesion. Cadherins arc 
associated with calcnins through their highly conserved 
cytoplasmic domain. Down-rcgulaiioh of E-cadhcrin 
protein has been shown in various human cancers. This 
study cjiamincd the expression of cadherins and associ- 
ated calcnihs at the mRNA level. Paired tumor and non- 
neoplastic primary prostate cultures were obtained from 
surgical specimens. Quantitative multiplex fluorescence 
reverse Iranscripiase-polymerasc chain reaction (QMF 
RT-PCR) and quantitative analysis were performed and 
correlated with immunostain results. Six of seven cases 
of neoplastic cultures showed moderately- to-markedly 
decreased levels of E-cadherin and P-cadherin mRNA 
Similar losses of a-calenin and y?-catenin mRNA were 
also observed. The results of QMF RT-PCR showed 
good correlation with the results of immunohistochem- 
jcal studies based on corresponding formalin-fixed sec- 
lions. In conclusion, this paper presents a coordinated 
do^yn-regulallon in the expression of E-cadherin and 
associated caienins at the mRNA and protein level in 
most of the cases studied. This down-regulation may 
play an important role in the pathogenesis of prostate 
cancer. 
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Prostate cancer is the most common malignant tumor 
and the second leading, c^use of cancer death in men. 
The chnical course of patients with prostate cancer 
varies vridcly, and different factors contribute to this 
marked chnical variability, including genetic back- 
ground, Uiormonal environment, and the invasive 
potential of the tumor. Invasion and metastasis arc the 
hallmarks of maUgnancy and have been closely linked to 
alterations in celMo-ccll adhesion, cell migration and. 
mteracuons with extracellular matrix components |22]. 

. Cadhcnns are a family of transmembrane glycopro- 
teins responsible for maintaining Ihc integrity 6f tissue 
and arc involved in cell differentiation, cell migration 
and intercellular adhesion Ihrbugh a calcium-dependent 
mechanism characterized by homotypic adhesion f35- 
37]. Their highly conserved cytoplasmic domains asso- 
ciate with catenins, a group of intracellular proteins that 
mediate contact between the cadherins and the micro- 
filaments of the cyioskeleton. Each cadherin subclass 
shows a unique tissue distribution: E-cadherin is pre- 
dominantly expressed in epithelial cells and P-cadherin is 
restricted to dccidua tissue and the basal or lower layers 
of stratified epithelium (30J. 

The accumulating evidence suggests a decrease or loss 
of function in E-cadherin and P-cadherin in several 
human carcinomas [3, 9, 23. 32). Loss of heterozygosity 
(LOH) at chromosome 16 in the location of the E-cad- 
herin gene is present in a high percentage of prostate 
cancers [6, 21. 26, 28). Decreased expression of E-cadhcrin 
IS seen in various human malignant tumor cell lines, and 
the level of decrease correlates with the invasive potential 
of the tumor cell lines |I. 9. 12. 24, 40. 42). )n addition, 
many, but not all. immunohistochcmical studies using 
formaiin-fi^tcd. paraffin-embedded tissue have shown that 
the E-cadherin protein iS decreased in prostate cancer and 
the decrease is correlated with tumor grade |4, 8, 13, 27, 
38). Other studies have shown decreased- to- absent 
P-cadherm levels, but variable E-cadherin levels |33). 
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a- and ^-calenins bind the cytoplasmic domain of 
E-cadherin and link il to Ihecytoskclclon (16. 31}. Down- 
icgulation of expression and deletion ofa-ca tenin genes 
were identified in several human cancer cell lines [19. 24, 
4^). Immunohistocbemical studies showed decreased 
rt^atcnin slaining, which correlated well with the loss of 
E-cadherin staining and patient survival [25, 29. 39]. In 
addition, decreased ^catenin protein expression appears 
to be associated Avith malignant transformation of epi- 
thelial tissue [34]; These results suggest that cadberins 
and calcnins may function as tumor invasion-suppressor 
genes. However, rhost of these results were obtained in 
studies using transformed lumor cell lines and formalin- 
fixed, paraffin-embedded tissue. To our knowledge, 
no studies to dale have examined the co-expression of 
cadhcrins and catenins at the mRNA level using material 
derived from surgical specimens. 

Recently, we have developed the methodology to 
cultivate primary epithelial cells under defined condi^ 
tions from surgical prostatectomy spccimeiis [20). Areas 
of both carcinoma and noh-neoplastic tissue are identi- 
fied grossly, verified histologically, and then cultured 
separately, resulting in paired primary cultures of both 
non-jieoplastic and neoplastic epithelium from the same 
patient. The non-neoplaslic tissue cultures serve as an 
important control of any person-to-person variability in 
the expression of the genes of interest. 

In this study, we investigated the co-expression 
of cadherin and catenin mRNA. from multiple paired 
primary prostate cultures derived from surreal prosta- 
tectomy specimens using quantilalivc multiplex fhiorcs- 
cence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) (41, 44]. Immunohistocbemislry stud- 
ies of cadherins and calenins were performed on (he 
corresponding paraffin-cml>cddcd prostate tissue. 



MaleHab and methods 

Tissue spcdmcn and piimary prostate cuiturcs 

We studied patients with adenocarcinoma of the prostate who 
underwent prostatectomy at ihc University of Pittsburgh Medical 
Center during the lime interval January 1996-January 1998. No 
patient bad received ircalmcnt prior to surgery. Fresh prostatec- 
tomy specimens were sectioned and grossly cjiamincd. representa- 
tive samples of neoplastic and r>on- neoplastic tissue were collccicd, 
and the diagnoses were confirmed by examination of hematoxylin 
and cosin (H&E) -stained sections. Epithelial cells from tumor and 



nOD-ncopIasUc areas of the specimen were isolated and ihcn cul- 
tured with a chemically defined mtdimri (CDM) without addjbon 
of growth factors aS previously described. Tissue fragmcnis were 
cut into small pieces and underwent a scries of collagenous diges- 
tions. Following each digestion, the cclk were peUcled by cenUi- 
fugalion at 1.000 rpm for 4 MIN |20J. To selectively prornotc 
epithelial cell growth, the pellets were rcsuspendcd and mamla»ned 
in scrum-fjtc CDM supplemented with epilhehal growth factor 
(EGF) [20]. The cullure*s morphology was exainincd daily, and 
cpilheHal cells were allowed to grow until conflucnct was reached, 
between days 7 and 10. 

Isolation of total RNA and synthesis of cDNA 

Total RNA was extracted from the cultured primary prostate 
epithelial cells at first passage according to the Triiol sohilion 
(Gibco BRL. Rockville, MD) modified method of Chomczynski 
and Sacchi [7). The RNA was then quanlitatcd speclrophotoiiacl- 
rically. Two micrograms of total RNA weic used for firs! strand 
cbNA synthesis using oligo-dT primers and MMLV reverse Iran- 
scriptasc (Gibco BRL. Rockville. MD). 

PCR primers and quantitative multiplex fluorescence PCR 

PCR primers for hcpalocyic growth factor (HGF) and c-myc 
were synthesized as previously described |I7]. PCR primers for 
E-cadhcfin. P-cadbcrin. a-catcnin. /(-calcnin. and f-aciin cDNA 
were designed according to cDNA sequences provided by the 
GeneBank (WWW2-r»cbi.nlm-govygeneb3nk/qucry). The primers 
were selected to amplify 150-250 bp target genes and the PCR 
products from each target gene were designed to have a different 
size CTable I). The rrk^ersc primers were synthesized with fhiores- 
ccin molecules covalently attached to the 5' end {BRL, Rockvaje. 
MD). Twenty-five microliters of PCR reactions for QMF-PCR 
contained primers (20 pM each), cDNA corresponding to 50 ng of 
total RNA, dNTTPs. and reaction buffer. The rcaciioiis were am- 
plified for 21 cycles at 94 "C for I min. 57 "C for 2 roin; and 72 "G 
for 2 min. Five microliters of QMF-PCR reactions were mw^ with 
an equal volume of sequencing gel loading buffer, denatured, and 
aliquots were electropborescd on an ABl 373A automated sequencer 
(Applied Biosyslems, Foster City. CA) using a matrix specific for 
fluorescein (Fig. I A). t^vkt ' 

Automated sequencer gels were ran for 6 b al 30 W using 
Gcnescan software (ABJ. Foster City, CA). Lane assignments and 
areas of the peaks conesponding to fluorescent peaks were 
and quanuialcd by the Gcnescan sofiwarc using Photoroulliphcr 
tube (PMD voltages (Fig. IB). All experiments were done m 
triplicate and the results presented as means and standard devia- 
tions (SD). 

Antibodies and immunohistochcmistry 

Five-micron sections were obtained from formalin-fixed, paraflin- 
cmbedded tissue blocks. They were deparaffinized and hjdratcd 
with graduated cthanols. Slides were then microwavcd m MM 



T»ble I Summary of PCR 
primer sequences and PCR 
products 



Primer 


Sequence 


Target gene 


Size of PCR product (bp) 


1 


Forward cccacaclgtgcccatctacg 


^-Aclin 


170 


2 


Reverse gcltciccttaalglcacgc 


E- cadherin 


190 . 


3 


Forward caaagtgggcacagalggigig 


4 


Reverse cigcllggallccagaaacgg 


P-cadhcrin 


220 


5 


Forward gcaagagccagctctglllagc 


6 


Reverse acttgagclgattcaglctclgg 


a-Calcnin 


182 


7 


Forward galggacaaclatgagccagg 


8 


Reverse tataccaggcgggaagcaicg 


p-Caicnin 


218 


9 


Forward rictgglgccaclaccacagc 


to 


Reverse igcalgcccicatciaatgic 
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Fig. I A GcDcscan linage of 
QMF RT-PCR of 6vc paired 
non-ncoplasltc and'ncoplaslic 
primary prostaic cuhurcs. 
cDNA corresponding to 50 i»g 
of lota] RNA was subjected to 
21 cydcs of PCR» ami all 
reactions were done in iripJi- 
cate. RNA of both E-cadhcrin 
and P-cadherin showed modcr- ' 
atc-to-markcd reduction in pri- 
mary neoplastic cultures in four 
. of five cases (Cases 1, 2, 4, and 
5). B Representative automated 
sequencer traces (ABI 373A) 
from 21 cycles of QMF 
RT-PCR using cDNA from a 
paired non-ncoplastic {top 
panel) and neoplastic (W/om 
ponef) primary prostate cultures 
{Case 2X and copy number of 
PCft products (at-actin, 
E-^adherin. and P-<adherin) 
. was cafculalcd using peak areas. 
Neoplastic culture showed 
markedly decreased expression 
of both E-cadhenn and 
P-cadherin 



220 t>p 



O-Anin 



bcta-Actin 

(ITtJbp) 



E-odhcrin 



P-cadhcrin 



Doo-ocoplastjc 




Dcophsttc 



comnL.*'"!::K^^^"r^-**^ avidin-biotin 
comptex melhod for immunohislocbcmistry was utilized from 
Vector Laboratories (Burlingamc. Calif., USA). The E-cadhcrin 
r^^!.. ."kL"""'"*"' antibodies, all mouse mono-' 

StC k;%"s%.^^ ''^"^ 

Evaluation of immunosiaining 

The percenlage of positive cells, intensity of the staining, and cel- 
lular locahzalion of the staining were examined by two independent 
observers usmg normal prostate epithelium from the same speci- 
men as an miernal control. The intensity of the signal-was graded 
as s rong. moderate, weak, and negative. The staining partem of 
the tumor was compared with thai of normal epithelium from the 
same specimens. 



ResuHs 

Expression of E-cadhcrin and P-cadhcrin 

Since many prosiaic cancers arc known lo be histolog- 
ically bcicrogeneous. adjacent H&E-siained sections 
or ihc tissue fragrDcnIs sent lo culture were reviewed 



to assess tissue honnogCDcily and lo rule out the presence 
of other diseases. The paired primary cultures for this 
study were selected based on the following histologic 
features: (I) non neoplastic tissue showed no cancerous 
foci or high-grade prostatic intraepithelial neoplasia 
(PIN); (2) neoplastic sections contained less than 5% 
non-cancerous epithelium. Seven out of 38 pairs of 
cultures met the selection criteria and were included in 
this study. Histologically, all seven cases were moder- 
ately differentiated adenocarcinomas, with Gleason 
scores ranging from 5 to 7 (median = 6). In six of these 
cases, adjacent sections of tumor contained no benign 
prostate epithelium, and in one case (spedmen 4), there 
was less than 5% non-cancerous epithelium. Prostate 
stromal cells express HGF, whereas the epithelial cells 
express c-mel. the receptor for HGF (17, 20J. The cases 
included in this study showed no detectable HGF 
expression after 21 cycles of QMF RT-PCR (data not 
shown). This indicates there was do significant stromal 
cell contamination in the current epithelial cultures. 

QMF-PCR is an accurate method of measuring the 
relative levels of mRNA in small tissue samples [41} In 
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: this sludy, we used this method lo quantitatc the mRNA 
levels of E-cadhcrin and P-cadhcrin^ relative to /(-actin. 
All the RNA samples contained no DNA contamina- 
tion, as shown by the absence of automated signals when 
RT was omitted from the RT-PCR reactions. We ob- 
served the expected linear increases in ^actin, E-cadh- 
erin. and. P-cadherin signal intensities between cycle 
numbers 18 and 24, with a cDNA input corresponding 
to 50 ng of total RNA. The ratios of /T-actin to 
E-cadherin and P-cadhcrin were constant, as was the 
E-cadheriD/P-cadherin ratio. These results indicated that 
the target gchcs^ were consistently amplified in the reac- 
tions. Twenty-one cycles of PCR were chosen for all 
subsequent experiments. In addition, the raw sequencer 
quantitation of pcaV areas for /J-actin using -the same 
cDNA input was similar among the paired primary 
prostate cultures (data not shown). 

When compared with the paired non-ncoplastic pri- 
mary cultures and normalized with the ^actin internal 
contirols, four of the neoplastic cultures showed marked 
(>85%) reduction of E-cadhcrin mRNA levels, with 
one case showing no delectable E-cadherin mRNA. The 
other three neoplastic cultures showed mild-lo-inodcratc 
reductions (Table 2). 

Six of seven neoplastic cultures showed nioderatcly 
lo markedly decreased P-cadberin mRNA levels when 
compared with non-neoplastic cultures. Interestingly, 



the four cases showing marked reduction in levels of 
E-cadhcrin mRNA. ^nd also demonstrated significant 
losses of P-cadherin mRNA. The case with no detectable 
E-cadherin mRNA also demonstrated near total loss 
of P-cadhcrin mRNA (Case I). Another case (Case 3), 
with only mild reduction in E-cadherin mRNA, showed 
no significant change in P-cadherin mRNA. Genetic 
variations among the patients were evident in the 
marked differences in the baseline levels of E-cadhcrin 
and P-cadherin expression seen in the rion-neoplaslic 
primary prostate cultures. 



Expression of a-catenin and /?-catenirt 

The highly conserved inlracytoplasmic domain of 
the cadherins interacts with a- and P^tenins, with the 
calenins serving as a link between the cadherins and the 
microfilaments of the cytoskcleton. Six casw of neo- 
plastic cultures showed ipild to-moderate reductions in 
a-catenin mRNA levels, ranging from 26 to 62%. These 
cases also demonstrated more severe reductions of 
/^catenin mRNA levels and generally correlated with 
the changes of cadherins in the same specimen (Table 3). 
Interestingly* the case with no significant change of 
P-cadherin mRNA and only a mild loss of E-cadherin 
mRNA also showed no change in mRNA levels of both 



T»Me 2 E-cadhcrio and P-xadhcrin wprcssion in paired non-«oplast>c and ncoplaslip primary prostate cultures derived from prosla- 
lectomy specimens '. — 



Case 



E-cadherin' 



Non- neoplastic 



Percentage P-cadberin* 
loss in tumor** 



Tumor 



Non-ncoplastic 



Tumor 



Percentage 
loss in tumor** 



71.0 dt Z2 

27.4 ± 6.4 
18.0 ± 0.2 

93.5 ± 12.0 
41.5 i 3.0 

56.7 ± I.I 

53.8 ± 6.1 



3.7 ± 0.3 

12.6 ± 1.9 

5.4 ± 0.9 

. 24.4 ± 4.0 

8.1 ± 1.0 

22.2 ± 0.7 



100 
86 
30 
94 
41 
86 
59 



65.7 ± 2.0 

53.4 ± 6.5 
88. B ± 6.5 

87.8 ± 7.0 

30.5 i 1.4 
71.8 ± 2.9 
6Z7 ± 3.5 



0.8 ± 0.1 

17,8 ± 1.3 

86.4 ± 9-5 

25.5 ± 2S 
18.1 dk 2.4 
17.1 ± 2.2 
19.4 db 22 



99 
67 
3 
71 
41 
76 
69 



• l^cl of E-cadberin and P-cadbcrin arc normalized with ^actin from the same sample: (EHcadbcrin or P-cadberin)/actin x 100 
^Percentage loss In lumor primary cultuie: 1<N - T)/N) x 100% 
' ND, not dcttclable 



Table 3 a-Catcnin and P^atcnin expression in paired non-neoplastic and neoplastic primary prostate cultures derived from prosta- 
Icclomy specimens , . • ' . ; ■ 



Case 



Non-neoplaslic 



Percentage loss ^catenin' 
in tumor** . 



Tumor 



Percentage 
loss in tumor 



Non-ncoplastic 


Tumor 






19.7 ± 3.6 


ND*^ 




100 


21.7 ± 1.5 


3.9 dfe 


0.2 


82 


40.1 ± 5.3 


38.9 ± 


6.2 


3 


36.8 i 1.8 


22.1 ± 


1.9 


40 


29.8 ± 2.0 


15.2 i 


1.1 


49 


31.5 ± 4.2 


13.5 i 


1.6 


57 


22.3 ± 1.5 


11.6 dt 


1.4 


48 



45.1 i 7.1 

49.2 dt 1.6 

48.0 ± 5.9 

61.1 ± 2.5 

58.2 i 1.8 
46.7 i 4.7 
43.2 dt 2.6 



17.3 i 0.5 
36.2 ± 4.0 
47.8 ± 9.0 
40.8 i 2.6 
27.8 A 1.6 
33.6 i 4.7 

26.4 i 1.7 



62 
26 
< I 

33 
52 
28 
39 



• Uvcl of a-caienin and ^calemn arc normaJiTcd wilh ^actin from the same sample: (calenm/aclm) x 100 
"Percentage loss in lumoi primary culimc: |(N - T)/N) x 100% 

* NO. noi delectable 
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a- and ^calcnms. Moderate inlcrspecimcn variation was 
observed in the baseline expression of a-calenin and 
/?-calcnin mRNA levels in the non-ncoplaslic cultures. 

Immunohistochemical studies ofcadherins and catenins 

In benign prostate tissue, E-cadherin was, in all cases, 
uniformly localized to the membranes of luminal glan- 
dular epithelial cells, predominantly at cell-cell junctions 
(Fig. 3A). One case of prostate cancer showed complete 
negative staining for E-cadhcrin (Fig. 3B), and the re- 
maining six cases demonslraied reduced immunbstaining 
for E-cadherin, with 25-75% of cancer cells positive 
(Fig. 3C). The cancerous glands generally showed re- 
duced signal intensity and an altered heterogeneous 
staining pattern, which included focal cytoplasmic stain- 
ing and reduced membranous staining (Fig. 3C Table 4). 

Benign prostate tissue, showed unifonn basal cell 
immunorcactivity for P-cadherin, with principally cyto- 
plasmic and focal membranous pattern staining. The 

Table 4 Immpnohislocliemical ciipression of cadhcrins and calc- 
cuhVrc^'^^^'"*""*^ specimens corresponding lo primary proslalc 



benign, glandular non-basal epithelial cells and siromal 
cells were negative for P-cadherin (Fig. 30^ P-cadhcrin 
immunoreactivily was completely absent in Iwo cases of 
prostate cancer (Fig. 3E), and the remaining five cases 
showed variable focal positiviiy, which was predomi- 
nantly cytoplasmic (Fig. 3F). This focal P-cadhcrin 
immunostaining posit ivity was confirmed by staining 
multiple sections and by using different monoclonal 
antibodies; In some cases, serial sections also appeared 
to show immunostaining for both E- and P-cadherins 
with the same neoplastic cells. 

In all cases of benign prostate tissue, a- and ^-catcnin 
protein expression showed strong homogeneous staining 
of the luminal glandular epithelium and the basal cells. 
In a pattern similar to that of normal Ercadherin, the a- 
and ^-catenins were localized predominately at luminal 
epithelial cell-ccll. borders (Fig. 2A, Q, In all cases of 
prostate cancer, there was a mild-to-modcratc reduction 
in staining for both catenins with 50-73% of cells 
positive, and the staining tended to be heteroceDcous 
(Rg. 2B, D; Table 4). . • 



Case 


E-cadherin 


P-cadhcrin 


a-calcoin 


^-caicnin 


1 






+ + 


+ + 


2 






+ + 


+ + 


3 


+ + + 


+ + 


+ + + 


+ + + 


4 






+ + 


+ + + 


5 


^ + + 


+ 


+ + + 


+ 4 -f 


6 


+ + 




+ + + 


+■ + + ■ 


7 


+ + 


+ 


+ + 


+ + + 



i^cgdiivc, -r, <iz:)Yo positive; + 25-5 
50-75% posiiivc; + + + + ^ >75% posiiivc 



Dfoctisslon 

In this study, we observed a coordinated dowh-rcgula- 
lion of the expression in the genes involved in the 
cadherin and catenin mediated ccIM:cll pathway at the 
mRNA level. The protein levels, as demonstrated by 
the immunohistochemical studies on the corresponding 
tissue sections, were generally consistent with the 
mRNA data as well as with that reported in the htcra- 
tujc [18, 33, 34, 38, 39]. 

E-cadherin showed the most consistent loss of ex- 
pression at both the mRNA level and the protein level. 



Fig. lA-D Immunohisiochcmi- 
pal siaining of a- and ^-caitnin 
in non-ncoplasric prostate and 
in prostate adenocarcinoma. 
Original nr»agnificalion xl 15. 
A, C Normal mcmbrarK>us 
expression of a-calcnin anil 
^•catcnm in non-ncoptaslic 
prostatic epithelium (Case I). 
B Decreased immunoslatning 
for a-catentn in prosutc . 
adenocarcinoma (Case 1). 
p Decreased and heterogenous 
immunostaining for ^atenin 
in prostate adenocarcinoma 
(Case I) 
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Fig. 3 A Immui)ohislochcmic3l 
staining of E- and P-cadhcrm in 
non^ncopbsiic prostate and in 
prostate adenocarcinoma. 
Originat magnificalion x 1 15; 
A Normal jncmbi anous ex- 
pression of E-cadheiin in non- 
neoplastic prostatic epithelium 
(Case 1). B, C Complete 
negative (Case 1) and focal 
hclerogencoijs (Case 3) immn- 
nostaihing for E-cadhcrin in 
prostate adenocarcinoma. 
P Normal continuous basal 
layer expression of P-cadherin 
in a portion of non-neoplastic 
prostatic cpiibetium (Case 1). 
E, F Complete negative 
(Case I) and mild focal hetero- 
geneous (Case 3) imrounoslain- 
ing for P-cadherin in prostate 
adenocarcinoma 




LOH at chroiDosomc I6q, where both E-cadberin and 
P-cadhcrin arc located, occurs in tip to 30% of prostate 
cancers. Four of our cases showed a greater than 50% 
reduclion in mRNA, ranging from 87 to 100%, sug- 
gesting thai mechanisms in addition to LOH may play a 
role in the reduclion of E-cadherin mRNA levels below 
that of Ihe 50% predicted by LOH alone. 

Previous studies have suggested, thai P-cadhcrin 
could serve as a specific marker, for basal cell difTcrcn- 
tiatiOD and was not expressed in prostate cancer, 
ahhough a recent study has shown focal P-cadherin 
expression in some prostate tumors (1 8J. ]n this study, 
we demonstrated P-cadhcrin mRNA in six of seven 
neoplastic cultures, although it was significantly reduced 
in all six cases. It is.tmpossibJc to rule out the possibility 
that some of Ihe P-cadherin mRNA expression may 
have resulted from potential contamination by small 
numbers of non-neoplastic basal cells admixed with the 
neoplastic cells within the culture material. However, we 
favor the interpretation that low levels of P-cadhcrins 
arc expressed in cultured tumor cells, as well as weakly 
in some tumors in vivo owing to disruption of normal 
gene regulation. This interpretation is favored by the 
presence of focal immunostaining for P-cadbcrin protein 
in histologically neoplastic cells m five of seven cases. 
The histologic selcctiort criteria (requiring minimal to no 
benign prostate glands) should also have minimized 
major contamination. Despite Ihe presence of mRNA in 
primary tumor cultures and focal positive immuno- 



staining, P-cadherin immunostaining may still serve as a 
useful basal cell marker because the staining pattern was - 
distinctly abnormal in the cases where it was focally 
present. 

In this study, the levels of ci- and ^-catenin mRNA 
were also lower than normal in six of seven cases, 
though Ihe reductions were relatively less than those of 
cadbcrins, especially for the o-catenins. Catenin protein 
expression was generally moderate to weak by immu- 
nohistocheraistry and showed a heterogeneous cyto- 
plasmic and weak membranous staining pattern. The 
inununoposiiivity was generally similar in most cases, 
with 25-75% cells showing positiviiy The results of the 
immunohislochemical studies were generally consistent 
with the mRNA data; although not in all cases (e.g.. 
Case 1); perhaps due to tumor heterogcncily. 

In this study, we also observed a coordinated down- 
regulation of E-cadherin and the calcnins in most cases; 
this was most observable at the mRNA level. The cad- 
herins are tightly regulated during embryogcnesis and 
appear to serve the need for precise spatio-temporal 
regulation. The promoter sequences of both E-cadhenn 
and P-cadherin have been cloned and functionally ana- 
lyzed |2, 5, 10. 15]. Both promoters have similar regu- 
latory elemenis, such as GC-rich regions and CCAAT 
boxes. Although the two promoters share similar se- 
quences, in vilro binding studies suggest that the two 
promoters are regulated by difTercnl transcriptional 
factors ill]. The tissue specificity of these promoters 
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appears to be derived by diffeient combinations of a 
relatively few factors common to many types of tissues 
and docs not appear to be derived from transcription 
factors specific for each type of tissue. In our study, the 
degree of )oss of expression of o- and ^atcnins at the 
mRNA level was correlated with reductions in the levels 
of E-cadhcrin expression. Ailhotigh the exact mecha- 
nism of thjs coordinated down-regulation is not known 
the coordinated pattern supports the hypothesis that 
loss or alteration of some regulatory factors occurs 
during prostate tumor progression. PossibJc mechanisms 
include transCTiptional factor alterations or hyper- 
methylalion of the promoter region IJ4, 43]. Limited 
mrorroation is available on the transcriptional regula- 
tion of the catcnins, but it is possible that similar 
mechanisms may pJay a role. 

In summary, this is the first comparative study of the 
expression of the genes, involved in the cadhcrin-medi- 
atwl cell-ccll adhesion pathway at the mRNA level using 
paired neoplastic and non-ncoplastic primary cultures 
derived from prostatectomy specimens. Our results 
indicate that (I) there is a marked patient-Io-palient 
variation in the normal levels of the cadherins and 
catenins; (2) mRNA levels of E-cadherin as well as 
catenms are significantly reduced in some prostate can- 
cer primary cultures, and the reduction tends lo be to the 
same degree m each tumor, suggesting a defect in a 
regulating mechanism common to all of these genes; (3) 
P-cadhenn appears to be present at both the mRNA 
level and the protein level in some prostate cancers. This 
coordinated down- regulation of E-cadbcrin and calenin- 
mediated adhesion pathways may play a crucial role in 
tumor pathogenesis and metastasis. 
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Down-regulation of prostate-specific antigen expression by finasteride 
through inhibition of complex formation between androgen receptor and 
steroid receptor-bmding consensus in the promoter of the PSA gene in 
LNCaP cells. 

Wang LG, Liu XM , Kreis W. Budman PR 

Department of Medicine, New York University, Manhasset ! 1 030, USA. 

As a specific competitive inhibitor of Salpha-reductase, an intracellular enzyme that 
converts testosterone to dihydrotestosterone, finasteride is being extensively used for the 
treatment of benign prostatic hyperplasia and in experimental settings for prostate cancer, 
la this study, we showed tliat finasteride markedly inhibited prostate-specific antigen 
(PSA) secretion and expression. The promoter of the PSA gene contains several well- 
known cis-regu I atory elements. Among them, steroid receptor-binding consensus (SRBC) 
has been identified as a functional androgen-responsive element. Our previous study 
showed that PSA was not only present in conditioned medium of the PSA-positive 
LNCaP cells but was also detectable in small amounts in PSA-negative cell lines, PC-3 
and DU-145 (L G. Wang et al:, Oncol, Rep., 3: 911-917, 1996). A strong correlation 
between binding of nuclear factors to SRBC and the level of PSA present in the 
conditioned medium and cell extracts was foUnd in these tliree cell lines, whereas no such 
correlation with binding was obtained using Spl oligonucleotide as a probe. Binding of 
LNCaP cell nuclear proteins to SRBC was diminished when the ceils were exposed to 25 
microM finasteride, at which concentration 50% of both PSA luRNA and protein were 
inliibited. As a major component of DNA-protein complexes, the level of androgen 
receptor was dramatically decreased in the cells treated witli finasteride. Our data indicate 
that inliibition of complex formation between SRBC and nuclear proteins due to the 
remarkable decrease in the level of androgen receptor plays a key role in the down- 
regulation of PSA gene expression by finasteride in LNCaP cells. 
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Expression of calcyclin in human niclanocytic lesions. 
Weterman MA . van Muijeii GN , Blocmcrs HP, Ruiter DJ . 

Department of Biochemistry, University of Nijmegen, The Netherlands. 

When comparing two subsequent stages of melanocytic tumor progression we identified 
calcyclin as a new potential progression marker, the expression of which was correlated 
with metastatic behavior of various human melanoma cell lines in nude mice. In this 
study, we describe a good correlation between RNA and protein levels in the xenografts 
of these cell lines and extended these experiments to a panel of 120 routinely processed 
human melanocytic cutaneous lesions. Northern blot analysis demonstrated that calcyclin 
RNA expression was elevated in melanoma metastases as compared to several types of 
nevocellular nevi. Calcyclin staining using a specific polyclonal antiserum showed a 
more complex pattern. A stronger staining in a higher percentage of positive cells was 
observed in thick primary melanoma (> or = 1 .5 mm) as compared to thin primary 
melanoma (< 1.5 nun). Calcyclin expression was also present in a higher percentage of 
cells showing a stronger staining in melanomas with highei" Clark levels (> 11) 
corresponding to the vertical growth phase of primary melanomas. Protein expression in 
nevocellular nevi was confined to the dermal part and was highest in the lower parts of 
the dermis. Remailcably, dysplastic nevi (atypical moles), potential precursors of 
melanoma, did not show any expression at all, either in junctional or dennal parts. 
Confinement of the expression to the dermal part of nondysplastic nevi aiid primary 
melanomas may reflect interactions vvith the microenvironment of the reticular dermis 
that occurs with vertical growth! 
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Estrogen regulation of the cytochrome P450 3 A subfamily in humans. 

Williams ET , Lcyk M, Wrighton SA, Davies PJ , Loose PS, Shipley GL, Strobel HW . 

Department of Biochemistry, Medical School, University of Texas Health Science Center 
atHouston, 6431 Fannin, MSB 6.200, Houston, TX 77030, USA. 

This study examines the possible role of estrogen in regulating the expression of the 
human CYP3A subfamily: GYP3A4, CYP3A5, CYP3A7, and CYP3A43. To accomplish 
this goal, mRNA was quantified from human livers and endometrial samples, and total 
CYP3A protein levels were evaluated by Western imihunoblot analysis of the liver 
samples. The human endometrial samples were from premenopausal and postmenopausal 
women. The premenopausal endometrium was either in the proliferative or secretory 
phase, whereais for the postmenopausal endometrium samples, the women had been 
treated with either a placebo or estropipate, an estrogen substitute. After analyses, 
CYP3 A4 mRNA was shown to have lower hepatic expression in females thain in males. 
In the endometrium, CYP3A4 and CYP3A43 are down-regulated by estrogen, whereas 
CYP3 A5 is expressed at higher levels durihg the secretory phase: CYP3A7 was not 
detected in the endometrium. In addition, the CYP3A subfamily showed increased 
mRNA expression in the liver as age increased. The expression levels of total CYP3A 
protein and total CYP3A mRNA showed good correlation. Despite apparent regulation of 
CYP3 A4 mRNA expression by estrogen, tlie effects of estrogen may be overshadowed 
by additional regulators of gene expression. 
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Severely decreased MARCKS expression correlates with ras reversion but 
not with niitogenic responsiveness, 

Wojtaszck PA . Stumpo DJ . Blackshear PJ . Macara fG . 

Department of Pathology, University of Vermont College of Medicine, Burlington 
05405. 

Phorbol ester-inducible phosphorylation of MARCKS, the 'SO-kDa^ substrate of protein 
kinase C, was undetectable in several phenotypically dominant, non-transformed 
revertants independently derived from the ras-transformed cell hne NIH3T3 DT-ras. 
Extremely tow expression of MARCKS protein accounted for this apparent lack of 
phosphorylation. MARCKS -eiicod ing niRN A levels were correspondingly decreased 
relative to nomal and ras-transformed cells in all four ras revertant cell lines studied: C- 
1 1 and F-2, derived by 5-azacytidine treatment and selection with ouabain; CHP 9CJ, 
derived by ethylmethane sulfonate mutagenesis and selection with cis-hydroxy-L-proline; 
and 12- V3, derived by transfection with the human Krev-1 gene. However, re-expression 
of MARCKS after transfection of a cloned MARCKS cDNA into the C-l I ras revertant 
cells was not sufficient to induce retransformation. In fact, no significant difference in 
sensitivity to mitogenic stimulation by phorbol esters.was observed among several cell * 
lines expressing widely varying levels of MARCKS. This evidence argues against a 
direct role for MARCKS in mitogenic signaling;. However, the strong correlation between 
attenuation of MARCIS expression and phenotypically dominant ras reversion suggests 
that a common negative regulatory miechanism might be responsible for both effects, 
presenting a potentially useful strategy for identifying factors involved in transducing the 
ras signal. 
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Abstract 



Background 



Prostate stern cell antigen (PSCA) is a recently defined homologue of the 
Thy-.1/Ly-6 family of glycosylphosphatidylinositol {GP])-anchored cell 
surface antigens. The purpose of the present study was to examine the 
expression status of PSCA piotein and rnRNA in clinical specimens of human 
prostate cancer (Pea) and to validate it as a potential molecular taigef for 
diagnosis and treatment ol Pea. 

Materials and Methods 

Jmrnunohistochemical (IMC) and in situ hybridization (ISM) analyses of PSCA 
eypression were simultoneousfy performed on paraffin- embedded sections 
fiom 20 benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial 
neoplasm (PIN) and -18 prostate cancer (Pea) (issues, including 9 androgen- 
independent prostate cancers. Tlie level of PSCA expression was 
serniquantitatively scored by assessing both the percentage and intensity of 
PSCA-positive staining cells in the specimens. Then compared PSCA 
■ e:^- press) on between BPH, PIN and Pea tissues and analysed the correlations 
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of PSCA expression level with pathological grade, clinical stage and 
progression to androgen-independence in Pea. 

Results 

In BPH and low grade PIN, PSCA protein and mRNA staining were weak or 
negative and less intense and uniform than that seen in HGPIN and Pea. 
There were moderate to strong PSCA protein and mRNA expression in 8 of 
11 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by 
JHC and ISH analyses, with statistical significance compared with BPH 
(20%) and low grade PIN (22,2%) samples (p < 0.05, respectively). The 
expression level of PSCA increased with high Gleason grade, advanced stage 
and progression to androgen- independence (p < 0.05, respectively). In 
addition, IHC and ISH staining showed a high degree of correlation between 
PSCA protein and mRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new ceil surface marker is 
overexpressed by a majority of human Pea. PSCA expression correlates 
positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and 
androgen-independence, and speculatively with prostate carcinogenesis. 
PSCA protein overexpression results from upregulated transcription of PSCA 
mRNA.. PSCA may have prognostic utility and may be a promising molecular 
target for diagnosis and treatment of Pea. 



Outline Introduction 



Ab:>tr.ia Prostate cancer (Pea) is the second leading cause of cancer-related death 



JnlrorUiction 



American men and is becoming a common cancer increasing in China. 
Despite recently great progress in the diagnosis and management of 
localized disease, there continues to be a need for new diagnostic markers 
that can accurately discriminate between indolent and aggressive variants of 
Pea. There also continues to be a need for the identification and 
characterization of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and metastatic Pea have 
been limited by a lack of specific target antigens of Pea. 

Although a number of prostate-specific genes have been identified {i.e. 
prostate specific antigen, prostatic acid phosphatase, glandular kaflikrein 2), 
the majority of these are secreted proteins not ideally suited for rnony 
immunological sttaiegies. So, the identification of new cell surface antigens 
is critical to the development of new diagnostic and therapeutic apptoDches 
to the management of Pea. 

Reiter RE et a! [ .1 ] repotted the idenlifieation of prostate stem cell antigen 
(PSCA), a celt suifoce antigen that is predomirtontly prostate specific. The 
PSCA gene encodes a 1?3 amino acid glycoprotein, with 30% homology to 
stem cell antigen ? (Sea 2). Like Sca-2, PSCA also belongs to o member of 
the Thy- j/Ly-6 family and is anchored by a ylycosylphosphatidylinositol 
(GPJ) linkage. mRNA ,n <ilu hybridization (JSH) localired PSCA expression in 
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normal prostate to the basal cell epithelium, the putative stem cell 
compartment of prostatic epithelium, suggesting that PSCA may be a 
marker of prostate stem/progenitor cells. 

In order to examine the status of PSCA protein and mRNA expression in 
human Pea and validate it as a potential diagnostic and therapeutic target 
for Pea, we used immunohistochemistry (IHC) and in situ hybridization 
(ISH) simultaneously, and conducted PSCA protein and mRNA expression 
analyses in paraffin-embedded tissue specimens of benign prostatic 
hyperplasia (BPH, n = 20), prostate intraepithelial neoplasm (PIN, n = 20) 
and prostate cancer (Pea, n = 48). Furthermore, we evaluated the possible 
correlation of PSCA expression level with Pea tumorigenesis, grade, stage 
and progression to androgen-independence. 
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Tables 



Table X 

Cor r eta t ion of PSCA ■ 
expression with Gleason 
score 



Tahk: 2 

Correlation of PSCA 
expression with clinical 
stage 



Tissue samples 

All of the clinical tissue specimens studied herein were obtained from 80 
patients of 57-84 years old by prostatectomy, transurethral resection of 
prostate (TURP) or biopsies. The patients were classified as 20 cases of BPH, 
20 cases of PIN, 40 cases of primary Pea, including 9 patients with recurrent 
Pea and a history of androgen ablation therapy (orchiectomy and/or 
hormonal therapy), who were referred to as androgen-independent prostate 
cancers. Eight specimens were harvested from these androgen-independent 
Pea patients prior to androgen ablation treatment. Each tissue sample was 
cut into two parts, one was fixed in 10% formalin for IHC and the other 
treated with 4% paraformaldehyde/0 J M PBS PH 7.4 in 0.1% DEPC for 1 h 
for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 /jm sections and mounted on the glass slides 
specific for IHC and JSH respectively in the usual fashion. H&E-stained 
section of each Pea was evaluated and assigned a Gleason score by the 
experienced urological pathologist at our institution based on the criteria of 
Gleason score \ 2]. The Gleason sums are summarised in Table '1 . Clinical 
staging was performed according to Jewett- whitmore-prout staging system, 
as shown in Table 2. In the category of PIN, we graded the specimens into 
two groups, i.e. low grade PIN (grade I - JI) and high grade PIN (HGPIN, 
grade IJ]) on the basis of literatures [3,4]. 

Immunohistochemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, ar^d subjected to 
microwaving in ]0 mmol/L citrate buffer, PH 6.0 (Boshide, Wuhan, China) in 
a 900 W oven for 5 rnin to induce epitope retrieval. Slides were allowed to 
cool at rooni temperature for 30 min. A primary mouse antibody specific to 
human PSCA (Boshide, Wuhan, China) with a 1;100 dilution was applied to 
incubate with the slides at rooFn temperature for 2 h. Labeling was detected 
by sequentially adding biotinylated secondary antibodies and strepavidin- 
peroxtdase, and localized using 3,3'-dtam(noben2idine reaction. Sections 
were then counterslained with hematoxylin. Substitution of the primary 
antibody wilh phosphate- buffered- saline (PBS) seived as a negative- 
staining control. 
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mRNA in s/'tu hybridization (ISH) 

Five-MPD-thick tissue sections were deparaffinized and dehydrated, then 
digested in pepsin solution (4 nrig/ml in 3% citric acid) for 20 min at 37.5°C, 
and further processed for ISH. Digpxigenin-labeted sense and antisense 
human PSCA RNA probes (obtained from Boshide, Wuhan, China) were 
hybridized to the sections at 48°C overnight. The posthybridization wash 
with a high stringency was performed sequentially at 37^C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min and in 0.2 x SSC 
for 30 min. The slides were then incubated to biotinylated mouse anti- 
digoxigenin antibody at 37.5^C for 1 h followed by washing in 1 x PBS for 
20 min at room temperature, and then to strepavidin-peroxidase at 37.5°C 
for 20 min followed by washing in 1 x PBS for 1-5 min at room temperature. 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals. 
Sections hybridized with the sense control probes routinely did not show any 
specific hybridization signal above background. At! slides were hybridized 
with PBS to substitute for the probes as a negative control. 

Scoring methods 

To deternr>ine the correlation between the results of PSCA immunostaining 
and mRNA in situ hybridization, the same scoring manners are taken in the 
present study for PSCA protein staining by IHC and PSCA mRNA staining by 
ISH. Each slide was read and scored by two independently experienced 
urological pathologists using Olympus BX-41 light microscopes, the 
evaluation was done in a blinded fashion. For each section, five areas of 
similar grade were analyzed semiquantitatively for the fraction of cells 
staining. Fifty percent of specimens were randomly chosen and rescored to 
determine the degree of interobserver and intraobserver concordance. There 
was greater than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a 
scale of 0 to 3+ with 3 being the highest expression observed (0, no 
staining; J-h, mildly intense; 2 moderately intense; 3-r, severely intense). 
The staining density was quantified as the percentage of cells staining 
positive for PSCA with the primary antibody or hybridization probe, as 
follows: 0 = no staining; X = positive staining in <257o of the sample; 2 = 
positive staining rn 25%-50% of the sample; 3 = positive staining in >50% 
of the sample. Intensity score (0 to 3+) was multiplied by the density score 
(0-3) to give an overall score of 0-9 | .! ,1^]. !n this way, we were able to 
differentiate specimens that may have had focal areas of increased staining 
from those that had diffuse areas of increased staining |6J. The overall score 
for each specimen was then categorically assigned to one of the following- 
groups: 0 score, negative expression; a-2 scores, weak expression; 3-6 
scores, moderate expression; 9 score, strong expression. 

Statistical analysis 

tnlensity and density of PSCA protein and mRNA expression in BPH, PIN rjod 
Pea tissues were compared using the Chi-square and Student's f-test. 
Univariate associations between PSCA expression and Gleason score, ctimroi 
stage and progression to andr ogen- independence were calculated using 
Fisher's Fxrut Test. For all analyses, p < 0.05 was considered stalistically 
significant. 
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Figures 



Figure 1 

Representatives of PSCA 
JHC and JSH staining In Pea 
(A. IHC staining, B. I5H 
staining, x200 
magnification) 



PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed weakly in individual 
sannples of BPH. Sonne areas of prostate expressed weak levels (composite 
score 1-2), whereas other areas were completely negative (composite score 
0). Four cases (20%) of BPH had moderate expression of PSCA protein and 
mRNA (composite score 4-6) by IHC and ISH. In 2/20 (10%) BPH 
specimens, PSCA mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 2) in one and 
negative (composite score 0) in the other. PSCA expression was localized to 
the basal and secretory epithelial cells, and prostatic stroma was almost 
negative staining for PSCA protein and mRNA in all cases examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of PSCA protein and 
mRNA (^2 scores) in 7 of 9 (77.8%) low grade PIN and in 2 ofll (18.2%) 
HGPIN, and moderate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 13 (45.5%) HGPIN. One HGPIN with moderate PSCA mRNA 
expression (6 score) was found weak staining for PSCA protein (2 score) by 
IHC. Strong PSCA protein and mRNA expression (9 score) were detected in 
the remaining 3 of 11 (27.3%) HGPIN. There was a statistically significant 
difference of PSCA protein and mRNA expression levels observed between 
HGPIN and BPH (p < 0.05), but no statistical difference reached between 
low grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and if PSCA expression levels are increased in malignant compared ' 
with benign glands. Forty-eight paraffin-embedded Pea specimens were 
analysed by IHC and ISH. It vyas shown that 19 of 48 (39.6%) Pea samples 
stained very strongly for PSCA protein and mRNA with a score of 9 and 
another 2:1 (43.8%) specimens displayed moderate staining with scores of 
4-6 (Figure 1). In addition, 4 specimens with moderate to strong PSCA 
rnRNA expression (scores of 4-9) had weak protein staining (a score of 2) 
by IHC analyses. Overall, Pea expressed a significantly higher level of PSCA 
protein and mRNA than any other specimen category in this study (p < 
0.05, compared with BPH and PJN respectively). The result demonstrates 
that PSCA protein and mRNA are overexpressed by a majority of human 
Pea. 

Correlation of PSCA expression with Glenson score in Pea 

Using the semi- quantitative scoring method as described in Materials and 
Methods, we compared the expression level of PSCA pfotein and mRNA with 
Gleason grade of Pea, as shown in Table ,1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differential ion, 5-7 scores = 
moderate- differential ion and 8- JO scores ~ poor- differential ion |7J. 
Sevent->'-two percent of Gleason scores 8- J 0 prostate cafjccis had very 
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strong staining of PSCA compared to 21% with Gleason scores 5-7 and 17% 
with 2-4 respectively, demonstrating that poorly differentiated Pea had 
significantly stronger expression of PSCA protein and mRNA than 
moderately and welt differentiated tumors (p < 0.05). As depicted in Figure 
1, IHC and ISH analyses showed that PSCA protein and mRNA expression in 
several cases of poorly differentiated Pea were particularly prominent, with 
more intense and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the 
results in Table 2, Seventy-five percent of locally advanced and node 
positive cancers (i.e. C-D stages) expressed statistically high levels of PSCA 
versus 32.5% that were organ confined (i.e. A-B stages) (p < 0.05). The 
data demonstrate that PSCA expression increases signiHcantly with 
advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate cancers stained positive 
for PSCA protein and mRNA. Eight specimens were obtained from patients 
managed prior to androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the strongest staining 
category (score = 9), compared with three out of eight (37.5%) of patients 
with androgen-dependent cancers (p < 0.05). The results demonstrate that 
PSCA expression increases significantly with progression to androgen- 
independence of human Pea. 

11 is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates 
significantly with increasing grade, worsening stage and. progression to 
androgen- independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

]n all 88 specimens surveyed herein, we compared the results of PSCA IHC 
staining with mRNA ISH analysis. Positive staining areas and its intensity 
and density scores evaluated by IHC were identical to those seen by JSH in 
79 of 88 (39.8%) specimens (18/20 BPH, 19/20 PIN and 42/48 Pea 
respectively). Importantly, 27/27 samples with PSCA mRNA composite 
scores of 0-2, 32/36 samples with scores of 3-6 and 22/24 samples with a 
score of 9 also had PSCA protein expression scores of 0-2, 3-6 and 9 
respectively. However, in 5 samples with PSCA mRNA overall scores of 3-6 
and in 2 with scores ol 9 there were less or negative PSCA protein 
expression (i.e. scores of 0-4), suggesting thai this may reflect 
posttranscriptional modification of PSCA or that the epitopes recognized by 
PSCA rnAb may be obscured in some cancers. The data demonstrate that 
the results of PSCA immunostairMng were consistent with those of mRNA 
ISH analysis, showing a high degree of correlation between PSCA protein 
and niRNA expression. 
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PSCA is homologous to a group of cell surface proteins that mark the 
earliest phase of hematopoietic development. PSCA mRNA expression is . 
prostate-specific in normal male tissues and is highly up-regulated in both 
androgen-dependent and- independent Pea xenografts (LAPC-4 tumors). We 
hypothesize that PSCA may play a role in Pea tumorigenesis and 
progression, and may serve as a target for Pea diagnosis and treatment. Jn 
this study^ IHG and ISH showed that in general there were weak or absent 
PSCA protein and mRNA expression in BPH.and low grade PIN tissues. 
However, PSCA protein and mRNA are widely expressed in HGPIN, the 
putative precursor of invasive Pea, suggesting that up- regulation of PSCA is 
an early event in prostate carcinogenesis. Recently, Reiter RE et al [1], 
using ISH analysis, reported that 97 of 118 (82%) HGPIN specimens stained 
strongly positive for PSCA mRNA. A very similar finding was seen on mouse 
PSCA (mPSCA) expression In mouse HGPJN tissues by Tran C. P et al [S]. 
These data suggest that PSCA may be a new marker associated with 
transformation of prostate cells and tumorigenesis. 



We observed that PSCA protein and mRNA are highly expressed in a large 
percentage of human prostate cancers, including advanced, poorly 
differentiated, androgen-independent and metastatic cases. Fluorescence- . 
activated cell sorting and cbnfocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in Pea cells [9]. Our 
IHC expression analysis of PSCA shows not only cell surface but also 
apparent cytoplasmic staining of PSCA protein in Pea specimens (Figure 1). 
One possible explanation for this is that anti-PSCA antibody can recognize 
PSCA peptide precursors that reside in the cytoplasm. Also, it is possible 
that the positive staining that appears in the cytoplasm is actually from the 
overlying cell membrane [S]. These data seem to indicate that PSCA is a 
novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression correlates with high 
grade (i.e. poor differentiation), increased tumor stage and progression to 
androgen- independence of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein expressed in 
94% of primary Pea and the intensity of PSCA protein expression increased 
v;tth tumor grade, stage and progression to androgen-independence. Our 
results also collaborate the recent work of i-tan KR et al [iO], in which the 
signihcant association between high PSCA expression and adverse 
prognostic features such as high Gleason score, seminal vesicle invasion and 
capsular involvement in Pea was found. ]t is suggested that PSCA 
overexpression may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Mara H et al [T!] used RT-PCR detection of 
PSA, PSMA and PSCA in J ml of peripheral blood to evaluate Pea patients 
with poor prognosis. The results showed that among 58 PCa patients, each 
PCR indicated the prognostic value in the hierarchy of PSCA> PSA> PSMA RT- 
PCR, and extraprostatic cases with positive PSCA PCR indicated lovvci 
disease- progression- free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic factor. Dubey P et at 
[].?] reported that elevated numbers of PSCA -r cells correlate positively 
with the onset and developmerit of prostate carcinoma ovei a long time 
span in the pioslates of the TRAMP and PTI:N ■\ f- models compared with its 
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normal prostates. Taken together with our present findings, in which P5CA 
is overexpressed from HGPIW to almost frank carcinoma, it is reasonable . 
and possible to use increased PSCA expression level or increased numbers 
of PSCA-positive cells in the prostate samples as a prognostic marker to 
predict the potential onset of this cancer. These data raise the possibility 
that PSCA may have diagnostic utility or clinical prognostic value in human 
Pea. 

The cause of PSCA overexpression in Pea is not known. One possible 
mechanism is that it may result from PSCA gene amplification. In humans, 
PSCA is located on chromosome 8q24.2 [1], which is often amplified in 
metastatic and recurrent Pea and considered to indicate a poor prognosis 
[13-3 5]. Interestingly, PSCA is in close proximity to the c-myc oncogene, 
which is amplified in >20% of recurrent and metastatic prostate cancers 
[16,17). Reiter RE et at [18] reported that PSCA and MYC gene copy 
numbers were co-amplrfied in 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpression is associated with PSCA and MYC 
coamplification in Pea. Gu Z et al [9] recently reporteted that in 102 
specimens available to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had identically positive areas 
of PSCA protein and mRNA expression. Taken together with our findings, in 
which we detected moderate to strong expression of PSCA protein and 
mRNA in 34 of AO (85%) Pea specimens examined simultaneously by IHC 
and ISH analyses, it is demonstrated that PSCA protein and mRNA 
overexpressed in human Pea, and that the increased protein level of PSCA 
was resulted from the, upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its 
biological function are yet to be elucidated. PSCA expression may be 
regulated by multiple factors [13]. Watabe T et al [ ] 9] reported that ■ 
transcriptional control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be regulated or 
mediated through cell-cell contact and protein kinase C (PKC) (20]. 
Honiologues of PSCA have diverse activities, and have themselves been 
involved in carcinogenesis. Signalling through SCA-2 has been demonstrated 
to prevent apoptosis in immature thymocytes |2J]. Thy- 3 is involved in T 
cell activation and transducts signals through src-like tyrosine kinases [22]. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell 
adhesion [L'.":-- 2j]. Celt-cell or cell-matrix interaction is critical for local tumor 
growth and spread to distal sites. From its restricted expression in basal 
cells of normal prostate and its homology to SCA-2, PSCA may play a role in 
stem/progenitor celt function, such as self- renewal (i.e. antr-apoptosis) 
and/or proliferation [)]. Taken together wilh the (esults in the present 
study, we speculate that PSCA may play a role in tumorigenesis and clinical 
progression of Pea through affecting cell transformaltoti and proliferation. 
From our results, it is. also suggested that PSCA as a new cell surface 
antigen may have a number of potential uses in the diagnosis, theiapy and 
clinical prognosis of human Pea. PSCA overexpression in prostate biopsies 
could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers (rorn notrnal glands in 
prostatectomy samples. Sirnilady, ttte (Jet ec lion ot PSCA- uverexpressing 
cells in bone marrow or peripheral blood may identify and predict metastatic 
progression better than current assays, whicti identify only PSA-positive or 
PSMA- positive prostate cells. 
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In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through all stages of Pea in a majority 
of cases, which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell differentiation), 
advanced stage and androgen- independent progression. PSCA protein 
overexpression is due to the upregulation of its mRNA transcription. The 
results suggest that PSCA nr>ay be a promising molecular marker for the 
clinical prognosis of human Pea and a valuable target for diagnosis and 
therapy of this tumor. 
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Expressiott of superoxide dismiitases, catalasc, and glutathione peroxidase 
in glioma cells. 

Zbong W, YanT, LunR, Qbcrlev LW . 

CHy 52242^ U^'''' Laboratoiy. Department of Radiology, The Univereity of Iowa, Iowa 

Four primary antioxidant enzymes were measured in botli human and rat glioma cells. 
Both manganese-containing superoxide dismutase (MnSOD) and copper-zinc-containing 
superoxide dismutase (CuZnSOD) activities varied greatly among the different glioma 
cell Imes. MnSOD was generally higher in human glioma cells than in rat glioma cells 
and relatively higher than in oUier tumor types. High levels of MnSOD in human glioma 
cells were due to the high levels.of expression of MnSOD mRNA and protein. 
Heterogeneous expression of MnSOD was present in individual glioma cell lines and 
may be due to subpopulations or cells at different differentiation stages. Less difference 
m CuZnSOD, catalase. or glutethione peroxide was found between human and rat glioma 
cells, The human glioma cell lines showed large differences in sensitivity to the 
glutathione modulating dhigs 1 ,3-bis (2-chloroethyI)-l-nitrosourea (BCNU) and 
biitliionine sulfoximine (BSO). A good coirelation was found between sensitivity to 
BCNU.and the activities of catalase in these cell lines. Only one cell line was sensitive to 
BSO and this line had low CuZnSOD activity. 
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[Expression of humaa teloinerasc reverse transcriptase in cervix cancer 
and its significance] 

[Article in Chinese] 

2^, ZtniX WuP, Xii O , Huang L , UKZ, Lu YP . Ma D . 

Department of Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College, 
Huazhong University of Science and Technology, Wuhan 430030, China. 

OBJECTFVE: To investigate the expression of human telomerase reverse transcriptase 
(hTERT) mRNA and protein in cervix cancer, cervical intraepithelial neoplasia (C FN) 
and normal cervix, METHODS: Expression of hTERT mJRNA and the other two subunits 
of telomerase, human telomerase RN A component (hTR), human telomerase-associated 
protein (hTPl) was determined by RT-PCR in 3 cervix cancer cell lines, 2 diploid cell 
lines, 38 cases of cervix cancer, 16 cases of CnST and 20 cases of normal cervix. 
Telomerase activity was also examined by telomeric repeat amplification protocol 
enzyme-linked immunosorbent assay (TRAP-ELISA), Expression of hTERT protein was 
detected in all tlie cell lines and 101 cases of paraffinized cervix tissue sections. 
RESULTS: hTERT mRNA expression was detected in all of the three cervix cancer cell 
lines, 81.6% of qervix cancer, 37.5% of CIN, 5.0% of normal cervix, while in neither of 
the two diploid cell lines. The other two subunits of telomerase were prevalently 
expressed in all of the cell lines and most cervix tissues. There was a strong correlation 
between hTERT mRNA expression and telomerase activity, hnmunostaining also 
revealed that hTERT protein was expressed in all three cervix cancer cell lines, 65.5% of - 
cervix cancer, 28.0% of CEN and 4.8% of normal cei-vix. CONCLUSION: Up-regulation 
of hTERT may play an important role in the development of CIN and cervix cancer, 
hTERT could be used as an early diagnostic biomarker for cervix cancer. 
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ORIGINAL ARTICLE 

Gene expression signatures and biomarkers of noninvasive and invasive 
breast cancer cells: comprehensive profiles by representational difference 
analysis, microarrays and-proteomics - 

GM Nagaraja\ M Othman^ BP Fox\ R Alsaber', CM Pellegrino^ Y Zeng^ R Khanna\ 
P TaIllburini^ A Swaroop^ and RP Kandpal^ 

'Department of Biological Sciences, Fordham University, Bronx, NY, USA; ^Department of Ophthalmology and 
Visual Sciences, University of Michigan, Ann Arhor, Ml USA and ^ Bayer Corporation, West Haven, CT, USA 



We have xharacterized copnpi-ehetisive transcript . and^ 
proteomic profiles of cell lines corresponding to normal 
breast (MCFIOA), noninvasive breast cancer (MCF7) and 
invasive breast cancer (MDA-MB-231). The transcript 
profiles were first analysed by a modified protocol for 
representational difference analysis (RDA) of cDNAs 
between MCF7 and MDA-MB-231 cells. The majority of 
^ genes identified by RDA showed nearly complete con- 
l^cordance with microarray results, and also led to the 
identification of some differentiaQy expressed ^enes such 
as lysyl oxidase, copper transporter ATP7A, £phB6, 
RUNX2 and a variant of RUNX2, The altered transcripts 
identified by microarray analysis were involved in cell-cell 
or ceU-matrix interaction, Rho signaling, calcium home- 
ostasis and oopper-bioding/sensitive activities. A set of 
nine genes that included GPCRll, cadherin 11, annexin 
Al, vimentin, lactate dehydrogenase B (upregulated in 
MDA-MB-231) and GREBl, S100A8, amyloid pre- 
cursor protein, claudin 3 and cadherin 1 (downregiilated in 
MDA-MB-231) were sufficient to distinguish MDA-MB- 
231 from MCF7 cells. The downregulation of a set of 
transcripts for proteins involved in cell-cell interaction 
indicated these transoripts as potential markers for 
invasiveness that can be detected by methylation-spedfic 
PCR. The proteomic profiles indicated altered abundance 
of fewer proteins as compared to transcript profiles. 
Antisense knockdown of selected transcripts led to 
inhibition of cell proliferation that was accompanied by 
altered proteomic profiles. The proteomic profiles of 
antisense transfectants suggest the involvement of pepti- 
dyl-prolyl isomerase, Raf kinase inhibitor and SOkDa 
protdn kinase C substrate in mediating the inhibition of 
cell proliferation. 
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published online 28 November 2005 , 
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Introdoction 

The transformation of a normal cell into a cancer cell 
has been correlated to altered expression of a variety of 
^enes (Perou e/ al, 2000; Becker et a/., 2005). The 
expression of some of these genes is a direct result of 
sequence mutation, whereas other changes occur due to 
alterations in gene products that participate in spedfic 
pathways. The changes in gene expression have been 
routinely characterized by classical subtraction hybridi- 
zation and differential display approaches (Ccrosaletti 
et al, 1995; Alpan et al, 1996). With the avaUability 
of the human genome sequence and sequences for a 
number of other model organisms, traditional methods 
have largely been replaced by gene microarrays 
(Khan et al, 2001). These analyses have been used to 
characterize the molecular basis of a variety of diseases 
including cancer. A comprehensive analysis of a large 
number of cancer cell lines allowed clustering of genes 
into groups based on their expression patterns in 
phenotypically related cell lilies (Khan et al, 2001; 
Dan et al, 2002; Rosenwald et al, 2002; van*t Veer 
et al, 2002). TTie results of profiling experiments 
indicated expression of spedfic gene clusters in cell lines 
that have the same origin or have arisen from the same 
organ (Ross et al, 2000). A complementary approach 
that has been used in limited ways is proteomics. 
Proteomics scores for changes in different proteins 
and peptides in cells with characteristic pheno- 
typic differences. However, a comparative analysis of 
transCTipts and piJoteins to establish a relationship 
between transcript changes and protein levels has not 
yet become routiiie. j ^ 

Although expression profiling of tumor tissu? and its 
coi^parison with normal tissue, in principle, is most 
apprbpriate to obtain the genetic signatiu^es of a tumwJr 
type, such comparisons have not been free of attendant . 
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complications. These complications arise due to hetero- 
geneity of tumor sp)ecimens wherein any cell type- 
specific changes are likely to be masked by other cell 
types that constitute the tumor specimen. For this 
reason, well-characterized cell lines established 
from tumor tissue may prove more informative mid 
have been considered useful by cancer researchers. 
Comparing gene profiles between cell lines has the 
potential to reveal genes that could be causative for 
the phenotype and other genes that can serve as tumor 

biomarkers. _ 

Our investigations are aimed at designating a subset 
of transcripts that could distinguish a normal breast cell 
from a breast cancer cell and help to predict tumorigenic 
or metastatic potential of a transformed cell. We 
describe here transcript and proteomic profiles of a 
normal breast cell line, a tumorigenic but noninvasive 
breast carcinoma cell line "aificl anliivasive breast 
carcinoma cell line, and summarize them as a set of 
candidate biomarkers or targets for therapeutic inter- 
vention. The comparison of transcript profiles with 
proteomic profiles demonstrated that altered proteins 
were not always represented in the microarray desig- 
nated profiles and vice versa. Furthermore, we have 
targeted five transcripts that were upregulated in MCF7 
cells for investigating their role in cell proliferation 
pathways. The proteomic profiles have revealed that 
inhibition of cell proliferation by aritisense knockdown 
was mediated by a specific set of proteins. 



Results 

Representational difference analysis 
As described in the Materials and methods section, 
RDA was performed by using cDNAs from MCF7 and 
MDA-MB-231 as tester/driver or driver/tester combina- 
tion. The difference product in the first case represents 
the genes that are either upregulated in or specific to 
MCF7. On the other hand, the difference product of 
MDA-MB-231 (tester) and MCF7 (driver) hybridiza- 
tion resulted in the isolation of cDNAs that are either* 
upregulated in or specific to MDA-MB-231. The initial 
linkers used in this protocol had internal BglH sites. 
One strand of the linker was used to ampUfy both the 
tester and driver cDNAs after linkers had been ligated 
to cDNAs. After removal of linkers from amplified 
cDNAs by digestion with BglU, a dephosphorylated 
Bgin adaptor was ligated to tester DNA. The BgllL 
adaptor had an internal EcoKl site. The difference 
product was digested with £coRI and cloned in pBlue- 
Script vector. The cloning efficiency of the difference 
product was very low (5 x l6^c.fu./^g of DNA). The 
low efficiency of cloning is attributed to a substantial 
fraction of amplified DNA product that is refractory to 
restriction digestion. The sequencing of a set of 100 
clones each from the difference libraries revealed 50 
different kinds of clones. The majority of these 
sequences were short fragments and represented either 
3' regions or internal fragments of transcripts. A 
summary of these clones is presented in Table 1. The 



involvement of the majority of these cDNAs is well 
characterized either in tumorigcnesis or in metastasis. 
The phenotypic characteristics of MCF-7 and MDA- 
MB-23 1 ideally matdi with the biological significance of 
these genes. The alterations in transcripts for Rho 
signaling proteins, Ca^+ binding/requiring proteins, 
tight junctions/anclionng junctions/gap jimctioiis, cop-""^ 
per binding or sensitive proteins, and RUNX2 are 
particularly noteworthy. 

The differential expression of a representative number 
of RDA clones was validated by semiquantitative PCR. 
As shown in Figure 1, these transcripts were either 
specific to or upr^:ulated in the cell line that was used as 
a tester. Such analyses demonstrated that more than 
90% of the clones were differentially expressed. The 
abundance of transcripts and the results of RT-PCR 
were also confirmed by Northern blotting (Figure 2). 
The pattern of "hybridization clearly indicates tfiSl aLiI" 
these transcripts showed differential expression in 
MCF7 and MDA-MB-231 cells that were used as 
driver/tester combinations for the RDA. 



Gene microarrays 

After obtauiing preliminary molecular signatures of 
MCF7 and MDA-MB-231 cells by RDA, we used 
Afifymetrix gene micoarrays to expand the above 
analysis to identify a comprehensive set of transcripts 
that is deregulated in invasive breast cardnoma cells. 
The comparisons of cell lines on the basis of transcripts 
that are either present or absent as shown in Figure 3 
revealed that a set of 123 genes distinguishes MDA-MB- 
23 1 cells from MCF7 and MCFIOA. These genes can be 
classified by their involvement in functional classes such 
as transcription, signal transduction, cell adhesion, cell 
cycle, metabolism, transport, response genes and devel- 
opment (Figure 4). The majority of these genes 
participated in the process of signal transduction 
followed by transcription, cell adhesion and metabo- 
lism, respectively. A few transcripts in these dasses were 
tested by real-time RT-PCR to confirm their altered 
abundance. The selected transcripts showed changes 
ranging between two- and 10-fold, 11- and 20-fold and 
greater than 20-fold, and were in dose agreement with 
the results of microarray analysis. The qualitative 
pattern of change observed in microarrays analysis 
was readily reproduced by real-time or semiquantitative 
RT-PCR for all transcripts tested. 

The number of altered transcripts was over 1000 
based on a change of twofold or greater, and a majority 
of these genes show chang;es varying between two- and 
fourfold (Figure 5). Interestingly, with all comparisons 
combined, there were 21 genes downregulated more 
than 50-fold and 55 genes that were upregulated more 
than 18-fold when spedfic cell line pairs were compared 
(Figure 5). The transcripts that represent the extremes of 
upregulated and downregulated scale can allow distinc- 
tion between MCF7 and MDA-MB-231 cells. These 
transcripts include GPCRll, cadherin 11, annexin 
A'i, vimentin, lactate dehydrogenase B (upregulated 
in "MDA-MB-231) and GREBl, S100A8, amyloid 

■ K - ) Oncogene 



Molecular signatures of breast carcinoma cells 
GM Nagaraja et al 



}30 



Table 1 Diflerentiaily expressed tianscripts identified by RDA 



Upregulated in MDA'MB'231 



Downregulated in MDA-MB-2S1 



Extracellular matrix/nuttrix-crosslinking proteins 
LOX 

Laminin ^1 

-eollagen 



Calcium-binding proteins 
Reticulocalbin 1 
S100A8 
CulIinS 

Transcription factors/promoter-binding proteins 
RUNX2 
oJun 
Fra^l 

Cell-celi adhesion/ cell-surface receptor proteins: 

Cdhll --^-^ — - 
CYR61 

MHC class II antigen y chain 
Pro tease-activated receptor- 1 
Protease-activated receptor-4 



ATPase/GTPase and signal transduction proteins 
ATP7a 
Caveolin 2 

AXL receptor tyrosine kinase 
Rho GEF 3 
Rho/Rac GEF 18 
P21-Rac2 

Metalloproteases and MMP inhibitor proteins 
TIMP-2 
MTl-MMP 

Stress-response proteins 
Dual spedficity phosphatase (DUSP) 

Cytoskeletal component and binding proteins 
Moesin 
Vimentin 
Filamin B 

CeU'cycle regulation and growthj differentiation! apoptosis proteins 
Cyclin BI 
Cyclin E 
Cyclin A2 
Bcl2-Hke 1 protein 

Secreted proteins and growth factors 
Milk fat globule protein 
TGFhx 

SMAD-specific E3 ub ligase 2 

hfiscellaneous 
Prion protein 



Calciumrbindmg proteins 
Calgranulin B 



Transcr^ftion factors/promoter-bindihg^ \ 
Chromosonie 4 ORF 
Estrogen receptor 1 
RUNX2 variant (exon 8 deleted) 

Cell-cell adhesionlcell'Sur/ace receptor proteins 
Claudiri3 ~ 
Amyloid fi precursor protein 
Triose phosphate isomerase 
Plakoglobin 
Cdhl 
Cdh3 

Annexin A9 
RAR-o; 
Connexin 31 

ATPasejOTPase and signal transduction proteins 

RhoD 

RhoB 

TGF-^ Rl 
Stress^response proteins 

Protein kinase H 1 1 

Cytoskeletal component and binding proteins 
Keratin 18 
Tubulin ^ 1 

Mi(TOtubuIe-associated protein t 

Cell-cycle regulation and growth/differentiationlapoptosis proteins 
S100A13 
SIOOC 

Aurora kinase AIK2 
Nudeosidediphosphate kinase 

Secreted proteins a nd gr owth factors 

Trefoil factor 3 (TFF 3) 

Trefoil factor 1 (TFFl) - 

Four and a half LIM domain 1 

Solute carrier famUy 16 SLC 16A6 
DNA replication 

DNA replication complex GINS-PSF2 
Miscellaneous 

Serine protease inhibitor type 1 (SPINTl) 

Human homolog of Xenopus protein XAG 

Hypothetical protein FLJ22222 

Hypothetical protein 20171 

Hypothetical protein MGC3265 



P precursor protein, claudin 3 and cadherin 1 (down- 
regulated in Iy)[DA-MB-231). The distinction between 
MCF7 and MCplOA may be made based on keratin 19, 
serine protease, amyloid precursor, ne^opeptide Y ) 
receptor Yl (upitegulated in MCF7) and caldesmon, 
annexin aAl, ep^elial membrane protein 1, S100A2, 



keratin 15 (downregulated in MCF7). Likewise, 
MDA-MB-231 cells differ from MCFIOA in vimentin, 
epithelial membrane protein 3, cadherin 1 1, GPCR 
116, collagen type XIII a 1, Bcl2-associated athanagene 
2 (upregulated in MDA-MB-231) and keratin 15,. 
cystatin A, cadherin 1, CD24, calcium-activated chlor- 
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ide channel, SIOOP, GPCR 87 (downregulated in 
MDA-MB-231). Thus, a small subset of transcripts 
may serve as an accurate signature of these cell lines. 
Several of these gene products have been shown to 
participate in tumorigenesis and invasiveness of breast 

carcinoma cell lines. ™ . _ . 

The invasiveness phenotype of MDA-MB-231 cells 
specifically relates to changes in the following functional 
classes: (a) cell adhesion molecules, (b) Ca^"*^ requiring, 
Ca^-*- binding or Ca*-*" regulatory ^enes, (c) copper- 
sensitive or copper- transporting. proteins and„(d) specific 
regulatory proteins of Rho signaling. Among these 
functional groups, 23 transcripts involved in cell-cell 
or cell-matrix interactions are underexpressed in MDA- 



MB-231 cells and 21 transcripts were overexpressed in 
this cell line (Table 2). The comparison of Ca*^- 
requiring/binding genes indicated downregulation of 
26 transcripts and upregulation of 26 transcripts in 
invasive cells as compared to noninvasive cells (Table 3). 
While C^\"*^^ _ homeostasis is extensively investigated in 
human cancers, copper homeostasis is an underexplored 
area. The alterations in copper homeostasis in breast 
carcinoma cells were reflected by changes in trans- 
cripts corresponding to a variety of copper-binding or 
copper-sensitive proteins/enzymes (Tables 1 and 4). The 
deregulation oif RJio signaling was evident from changes 
in various proteins involved in this pathway (Table 4). 
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Figure 1 Semiquantitative evaluation of selected transcripts, (a) 
RNA was isolated from confluent culture dishes containing 
MCFJOA (lanes 1 and 4X MCF7 (lanes 2 and 5) or MDA-MB- 
231 flanes 3 and 6) cells. The amount of RNA was first dctcnnined 
spectrophometricaUy. Equal amounts of RNA, as determined by 
absorbance at 260 nm, were amplified with primers specific to actin 
gene for 18 cycles (lanes 1-3) or 20 cycles (lanes 4-6). The lane 
containing size markers is labeled as M. (b) A set of primers 
corresponding to caveolin 2 (lanes I and 2), TGF-a (lanes 3 and 4), 
Moesin (lanes 5 and 6), LOX (lanes 7 and 8), Axl receptor (lanes 9 
and 10). RhoD (lanes 11 and 12), SI00A13 (lanes 13 and 14). TFF3 
(lanes 15 and 16) and Claudin 3 (ianes 17 and 18) were amplified 
for 32 cycles. Lanes 1. 3, 5, 7. 9, 12. 14, 16 and 18 represent 
amplified products from MCF7 and lanes 2, 4, 6, 8. 10, II, 13, 15 
and 17 represent MDA-MB-231 cells. The lanes containing PCR 
products from MDA-MB-231 celb are niarked with an asterisk. 
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Ftgure 2 Analysis of selected transcripts by Northern hybridiza- 
Uon. The probes specific to CD74 (a). CYR61 (b), SPINTl (c) and 
DUSP (d) were labeled with a "P nucleotide and hybridized to 
blots containing RNA from MCFIOA (lane I). MCF7 (lane 2) 
and MDA-MB-231 (lane 3). The blots were washed stringenUy and 
developed as described. The amounts of RNA loaded were 
normalized as in Figure 1. 



Present/Abseat Calls 




Figure 3 Comparison of cell lines based on the presence or absence of transcripts. The absence or presence of a transaipt in the 
AfTymetrix chip was scored by the fluorescence r^-out as described in the Materials and methods section. 
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Gene Ontology 



IS Absent in MCF7 - Present in MDAMfilJl & MCFIOA ■ Present in MGF? - Absent in MDAMB231 & MCFIOA 
: :; Present in MDAMB231 - Absent in MCFIOA & MCF7 □ Absent in MPAMB231 - Present in MCFIOA & MCF? 



Figure 4 
classified 



Functional classes of transcrq)ts that differenaate a cell line pair. The transcripts identified as present or absent 
based on their functional importance. 
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Gene Expression Levels 
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Figure 5 Distribution of altered number of transcripts as a 
function of fold change. The altered transcripts were categorized in 
groups based on the magnitude of change in their abundance. 



Table 2 Cell adhesion molecu les altered in breast carcinoma cells 
Upregulated in MDA'MB-231 Downregulated in MDA-MB'231 



Cadherin 4 
Cadherin 11 
Catenin 
Integrin a 6 

Transmembrane anchor protein 

^h B2 

Oystonm 

Laminin ^1 

Lamin 

Filaxnin B 

Filamin C 

Tailin 1 

Butyrophilin 

Spectrin-a 

Spectrin-^ 

Tlirombospondin 

Plastin 3 

Adducin 3 */ 

Lamin B receptor 

Laminin ^ 2 

Lamin A/C 



OaudinS 
Cadherin- 1 
Cadheiin-3 
Cadherin- 18 

Cadherin, LAG seven pass receptor 

Down syndrome cell adhesion 

Catemn-<$2 

EphA4 

^hrin A4 

Annexin A5 

Ankyrin 3 

Saicoglycan 

Keratin 8 

MAP-7 

MAP-t 

Plakoglobin 

Plakophilin 

Discoidin domain receptor 
Zona occludens 3 
PeriplaJcin 
Protocadherin a 9 
Laminin V 2 
Laminin a 3 



Proteome analysis 

To identify altered abundance of proteins and relate it to 
transcript profiles, we characterized the protein profiles 
of MCF-lOA, MCF-7 and MDA-MB-231 cells. Typi- 
cally, > 300 protein spots could be visualized in silver- 
stained gels, and there were far fewer protein spots in 
gels that were stained with Coomassie blue. The 
comparison of MCF7 or MDA-MB-231 proteins with 
MCF-lOA revealed that MCF-7 had ll unique protein 
spots, while MDA-MB-231 had 15 spots that were not 
seen in MCF-lOA. These proteins were either specific to 
or upregvdated in these cell Imes. The identity of these 
proteins is shown in Table 5. Out of these 26 protein 
spots, only 25 yielded amino-acid sequence. As shown in 
: the table, the list includes proteins involved in stress 



response, prote'in-tagging activities, calcium-binding and 
calcium homeostasis proteins and some regulatory 
proteins. Prominent among these changes were proteins 
involved in calcium homeostasis such as crocalbin, 
caireticulin, calcyclin and reticulocalbin. The changes in 
signaling pathways between the two cell lines were 
indicated by altered levels of Rho GDP dissociation 
inhibitor 1, an apoptosis/differentiation regula- 
ting protein galectin, Myc expression regulator Tar 
upstream binding protein- 1 and the microtubule reg- 
ulator protein >stathmin. The translation initiation 
factors 5A and 4H were also selectively upregulated in 
MDA-MB-231 cells. 
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Table 3 Calcium binding or sensitive transcripts 
Upreguiated in hiDA'MB-231 Downregulated in AfDA-MB'231 

S100A8 
S100A7 
S100A13 

Tumor assodated-Ca?* . _ 

' signal transducer 
Notch homolog 3 
PKD2 

Adenylate cyclase 
Phospholipase-C 
Chemokine ligand 12 
Ubquitin-spedfic protease 

Ret-protooncogene 
Signal peptide-CUB domain 
Mannosidase a 
Bradykinin receptor B2 
Solute carrier family 24 
Ca** channel voltage-dependent ^3 
Regulator of G protein signaling 17 
Dystrot)evin-a 
Synaptogamin 1 
Matrix gla protein 
£F hand domain family member Dl 
PK-cydic AMP dependent 
ATPase-Ca** transporting 
Calmodulin 1 
CaM kinase 



Reticulocalbin 
Dystonin 
Follistatin like 1 

Cullin - 

Annexin A5 *•* 
£F hand domain containing-2 
Hippocaldn like-2 
LDLR 

Steroid sulfatase 
MT-actin crosslinking factor 
Inositol- 1 ,4, S- triphosphate 
receptor 3 
Sorcin 

Guanine nudeotide-binding 
protein-v 
GAS6 

SWP-70 protein 

EGF-containing fibmlin-like 
ECM 

Transglutaminase 2 
Thrombin receptor-like 1 
Plastin 3 
FYN oncogene 
PKC-a 
Cahnegin 
Calpain 
HEG homolog 
Cyr61 



Table 4 Altered transcripts involved in copper homeostasis and Rho 
isignaling 



Copper'bmding proteins 



Sho dgnaling proteins 



LOX 

LOX-1, LOX-2 
SCO cyt oxidase-deficient 
homolog 2 
COX 17 homolog 
Metallothionein IE, IF and 2a 
Ring finger protein? 
Amiloride-binding protein 1 
Neurotrypsin/mptopsin 



Rho3 

Rho/RacGEF 18 
Rho GEF 12 

Ras related C3 botulinum toxin 
substrate 2 

Cdc 42 effector protein 3 
Rho GEF 3 

Rho GDP dissodation inhibitor p 
RhoD 



Changes in proliferation characteristics and protein 
profiles in response to transfection with antisense 
constructs of selected transcripts 

We had observed significant upregulation of transcripts 
for DNA replication complex protein GINS PSF2, 
trefoil factor 3, aurora kinase AIK2, protein kinase HI 1 
and secreted protein XAG in MCF7 cells. We reasoned 
that antisense knockdown of the above genes in MCF7 
cells might indicate pathways involved in tumorigenesis 
and invasiveness. 

.MCF7 cells were transfected with empty vector 
pCDNA3.1 or antisense constructs of the above genes. 
A semiquantitative amplification of pCDNA marker 
gene by RT-PCR confirmed the presence of the 
transfected construct in a significant proportion of the 
cell population. The transfected cells also showed a 
decrease in the target transcripts as observed by RT- 



Table 5 Proteomic profiles of MCF7 and MDA-MB-231 cells as 
compared to MCFIOA cells 



MCF7 cells 



MDA~MB'231 cells 



Cell-cell adhesion/ cell-surface 
receptor proteins 
_ Triose-phosphate ispineras.e_ 

Stress-response proteins 
Hsp27 

Superoxide dismutase 
Peroxiredoxin 2 



Cytoskeletal component/binding 
proteins 
Stathmin 

Cell- cycle regulation and growth/ 
differentiation! apoptosis proteins 

-Nucleoside diphospunte kinase A— 

SIOOC 

Secreted proteins and growth factors 
Macrophage migration inhibitory 
protein 

Muceilaneous 
Cyt c oxidase VIb 
Peptidyl-prolyl ciS' trans isomerase 
Ubiquitin 



Calcitm-hinding proteins 
Calcydin 
CaJreticiilin 
' Crocalbin 
Reticulocalbin 

Transcription Factors/ 
Promoter-bindng proteins 

Far upstream element 

binding protein* 1 

Far upstream element 

binding protein-2 

Cell-ceil adhesion/ cell-surface 
receptor proteins 
Gaiectin 



ATPase/GTPase/signal trans- 
duction/ tra/ficing proteins 

Rho GDP dissociation 

inhibitor I 

Stress-response proteins 
Hsp70 

Peroxiredoxin 2 

Cytoskeletal component/ 
binding proteins 
Stathmin 

Miscellaneous . 
Heterogeneous nuclear 
ribonudeo protein H 
eIF4H (translation) 
elFSA (translation) 



PCR. The effects of antisense transfections were scored 
by growth characteristics of the transfectants. The cell 
proliferation was reduced between 15 and 40% when 
antisense transfectants were compared to cells trans- 
fected with empty vector. 

In order to relate decreased proliferation of transfec- 
tants to altered proteins, proteomic profiles of transfec- 
tants were compared with vector controls. The 
comparison of protein profiles of cells transfected with 
empty vector or antisense construct revealed alterations 
in several proteins for each transfectant flable 6). These 
proteins included stress-response proteins, calciimi- 
regulating proteins, translation factors, ubiquitin, pro- 
teins of electron transport chain and oxidative phos- 
phorylation, signaling proteins, cytokcratins, actin and 
actin regulating proteins and general regulatory factors. 
The number of altered proteins varied between 5 and 1 5 
for various transfections. Peptidyl prolyl cis-trans 
isomerase, calcium-regulating proteins, SOD, gaiectin, 
histidine triad protein and PKC substrate were promi- 
nent among altered proteins. We performed database 
searches to identify interactors for ail proteins that were 
altered in transfected cells and identified nearly* 350 
proteins {data not shown). A significant number of these 
interacting proteins are involved in transcriptional 
regulation. ' \ 
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Table 6 Altered proteins in MCF7 cells after antisense knockdowti of spedfic transCTipts 



After transfection with as- trefoil factor 3(TFF3) 



After transfection with as-protein kinase Hll 



Calcium-binding proteins 

Caimodulin 
Cell-cell adhesioni cell-surface receptor proteins 

Retinoic acid-binding protein II - — 

ATPase-GTPasejsignd transduction! trafficing proteins 

Raf kinase intiibitor 
Stress-response proteins 

Hsp27 

Peroxiredoxin 1 
Cytoskeletal component Ibinding. proteins ^ 

Cofilin-nonmuscle isoform 
Cell-cycle regulation and growthldifferentiationlapoptosis proteins 

Chromobox protein homolog 1 

Chromobox protein homolog 3 

Translationally controlled tumor protein 
Mvicellaneous 

40S ribosomaJ protein S12 ^ 

ATP synthase D chain ^ ' 

Cancer-associated Sm-like protein 

Cyt c oxidase polypeptide Va 

eIF5A (translation) 

Ferritin heavy chain 

His triad nucleotide-binding protein 

Histone H2B.n 

Peptidyl-prolyl isomerase 

Proteosome subunit ^-type 6 
i RNA-binding protein 8A 
'] Thioredoxin 

Ubiquitin CTOSsreactive protein 

After transfection with as-aurora kinase AJK2 

Caidum-binding proteins 

CalgranulinB 

Calgranulin A 
Stress-response proteins 

Hsp27 

Superoxide dismutase 
Miscellaneous 
60S acidic ribosomal protein P2 
Peptidyl-prolyl isomerase 
Ubiquitin-crossreactive protein 



Cell-cell adhesionjcell-surface receptor proteins 
Galectin 

Retinoic acid-binding protein II 
^ATFasezGnasef signal trartsductimltrafficing prot^ 

PKC substrate 
Stress-response proteins 
Hsp27 

Cytoskeletal component /binding proteins 

Actin-a, skeletal muscle 

Cytokaratin 18 
Afisceilaneous 

30H-acyl CoA dehydrogenase II 

ATP synthase A chain 

Cyt c oxidase peptide Va 

Enhancer of rudimentary homolog 

Thioredoxin 

Ubiquinol-cyt C reductase 

No match — — — - 

After transfection with as-ONA replication complex GIHS PSF2 
Calcium Binding proteins: 
Calreticulin 

A TPase-GTPase/ signal transduction! trajficing proteins 

14-3-3 ti 

PKC substrate 
Cytoskeletal componentjbmding proteins: 

Cytokeratin 1 

Qrtokeratin 18 

Cell-cycle regulation and & growth! Sfferentiation/apoptosis proteins 

Chromobox protein homolog 1 

Chromobox protein homolog 3 

MAP/MT affinity regulator 
Mucellaneous 

ATP synthase D chain 

Peptidyl-prolyl isomerase 

Ubiquinol-cyt c reductase 

After transfection with as-human homolog ofXAG 
Calcium-binding proteins 

Calreticulin 
Stress-response proteins 

Hsp27 
Miscellaneous 

ATP synthase A chain 

Peptidyl-prolyl isomerase 

Ubiquitin crossreactive protein 

No match 



DiscQssioD 

The results presented here validate the gene profiles 
obtained from different expression platforms ranging 
from subtractive hybridization to gene microarrays and 
proteomic analysis. The RDA protocol is powerful 
enough to yield important genes that show significant 
alterations in their expressioii between cell lines, and can 
lead to isolation of full-length cDNAs by using 
appropriate modifications (Baskaran et a/., 1996; Jacob 
et al, 1997). The detection of RUNX2, variant of 
RUNX2, EphB6, prion protein, lysyl oxidase and a 
copper transporter ATP7 A transcripts by RDA warrant 
specific mention. RUNX transcription factors bind 
specific motifs on target gene promoters and regulate 
gene expression leading to cell growth, proliferation and 
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differentiation (Pratap et aL, 2003). RUNX2 and its 
variant have differential repression activity toward the 
promoter of the cyclin-dependent kinase inhibitor 
(p21€IPl) (Westendorf et aL, 2002). The loss of EphB6 
expression due to methylation of its promoter is related 
to invasiveness of MDA-MB-231 (Fox and Kandpal, 
2004; unpublished observations). Lysyl oxidase, a 
copper-sensitive enzyme, causes oxidative deamination 
of lysine and hydroxy lysines of collagen to aldehyde 
forms to stabilize doUagen fibrils (Siegel, 1976) that are 
found in invasive breast carcinoma cells XAkiri et aL, 

2003) . The activation of LOX is dependent on Qopper 
that is internalized and then transported to ti-ans fiolgi 
network by copper transporter ATP7A ^ase et*iaL, 

2004) , a protein muUted in Menkes disease (Molfer 
et al, 2005). Prion protein has also been repbrted as a. 
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chaperone for copper (Jones ei aL, 2004). Thus, EphB6 
can serve as a marker for invasiveness, and LOX and 
ATP7A may be exploited as relevant targets for 
therapeutic intervention. 

The downregulation of junctional proteins along with 
inactivation of TIMPs as shown here is in agreement 
with other reports describing their relationship with 
invasiveness of cardnoma cells (Johnson, 1991; Kousi- 
dou et a/., 2004; Shao et ai, 2005) and promoter 
methylation (Costa et a/., 2004). As several transcripts 
coding for junctional proteins are downregulated in 
invasive cells, we postulate that methylation-specific 
PGR can be exploited to use these transcripts as 
biomarkers of tumor cells in general and invasiveness 
in particular. The changes in cell-cell interaction 
correlate to cell phenotypes because such interactions 
influence Rho/Pfis signal -^ansduction -pathways and 
vice versa (Malliri and CoUard, 2003; Nagaraja and 
Kandpal, 2004; Ridley, 2004), and lend credence to the 
significance of altered transcripts for Rho and Rho 
GEFs as presented here. 

Early changes in calcium homeostasis as measured by 
calcium excretion have been reported in breast cancer 
(Campbell et ai, 1983), and altered calcium signaling has 
been shown in invasive lung carcinoma cells (Amuthan 
et a/., 2002). Prominent among calcium-binding proteins 
are S-100 protein, a group of intracellular messengers 
that respond to transient changes in calciimi concentra- 
tion by binding to specific receptors (Marenholz et a/., 
2004) and regulate cell growth, differentiation and 
motility, transcription and cell cycle. The S-100 proteins 
detected in the present study map to chromosome lq21, 
a region of genome that is frequently altered in human 
breast cancer cells (Bieche et al, 1995). Calcium ions act 
as a second messenger in specific signaling pathways in a 
variety of cancers (Missiaen et al, 2000) and are known 
to alter calcineurin to activate transcription factors such 
as NFATc (Luo et aL, 1996). 

As dictated by post- transcriptional regulation, protein 
profiles showed far fewer changes as compared to 
transcript profiles, and the knockdown of five selected 
genes in MCF7 cells produced interesting changes in- 
protein profiles. These genes, namely, XAG (seoretory 
Xenopus laevis protein), trefoil factors 3, human a\irora2 
kinase AIK2, protein kinase HI 1 and DNA replication 
complex GINS PSF2, have been shown to be estrogen 
responsive, oncogenic or involved in tumorigenesis (Yu 
et aL, 2001; Fletcher et aL, 2003; Katoh, 2003; Warner 
et aL, 2003; Takayama et aL, 2003). The antisense 
constructs of these genes appeared to work as siRNAs 
as suggested by the reduction in the transcript detected 
in RT-PCR of RNA isolated from the transfected cells. 
The involvement of the above transcripts in invasive 
potential is apparent from the observed upregulation of 
calcium-binding proteins in transfected MCF7 cells, 
which is comparable to their levels in MDA-MB-231 
cells. The proteins that appear to mediate inhibition of 
proliferation in antisense-transfected cells include PKC 
substrate, Raf kinase inhibitor, histidine triad nucleo- 
tide-binding protein arjd peptidy-prolyl isomerase 
(Pinl). We believe histidine triad protein effects are 



most likely mediated via its interaction with ATM 
protein. Raf kinase inhibitor (Keller et al,, 2004) and 
ATM (Hall, 2005) have been conclusively linked to 
transformation of cells, and the activity of Pinl has been 
related to p53-mediated signaling pathways (Mantovani 
et aL, 2004; Berger et aL, 2005^. In this context, p53 
activation Has also been hypothesized' by Cii-SOD 
prion-like enzyme (Wiseman, 2005). Thus, alterations 
in copper homeostasis and p53-mediated signaling may 
be considered as a significant regulatory mechanism in 
tumorigenesis. 

In suhamary, we have presented here a set of 
candidate genes that can serve as biomarkers for 
tumorigenesis and invasiveness, and some of these 
markers may be used to develop DNA-based diagnostic 
tests. The alterations in transcripts for copper home- 
^.QStiisis genes suggest copper chelation or inhibition of 
copper transporter ATP7A as potential targets for 
therapeutic application. The modiilation of RUNX2 
splicing variants by chemicals that affect splicing 
machinery may also be explored as a therapeutic 
modality. The changes in EphB6 expression, if con- 
firmed in tumor specimens, may have prognostic 
significance. 



Materials and methods 

Breast cancer cell lines 

We used MCF-lOA, a cell line established, from normal breast, 
and two breast cardnoma cell Imes MCF-7 and MDA-MB- 
231 that vary in thdr in vffro and in vivo invasiveness. All cells 
were cultured at STC/lVo CO2. MCF-lOA cells were grown in 
1:1 DMEM:F12 media (Gibco) with 5% horse serum (Gibco), 
20 mM HEPES, lOng/ml EOF (Invitrogen), 10 ml/1 PenSUep- 
Glutamine (lOOOOU/ml penidllin, lOOOOMg/ml streptomycin 
and 29.2mg/ml L-glutamine), lOMg/ml insulin (Invitrogen), 
0.1 /ig/ml Cholera Toxin (Sigma) and 500ng/ml hydrocorti- 
sone (Sigma). MCF-7 and MDA-MB-231 cells were grown in 
DMEM (Gibco) supplemented with 2mM L-glutamine (Gib- 
co), 1 mM sodium pyruvate (Gibco), 5 ml/1 penstrep (5000 U/ 
ml penicillin and 5000/ig/ml stieptomycm), and 10% fetal 
bovine serum (Hyclone). 

Total RNA isolation 

RNA was isolated from 85 to 95% confluent 10 cm tissue 
culture dishes using TRI reagent (Molecular Research Center 
Inc.) with slight modifications to the recommended protocol. 
Approximately 10 million cells were niixed with 1.0 ml Tri 
Reagent, the mixture was extracted with chloroform and the 
aqueous phase containing RNA was separated. The RNA was 
precipitated with isopropanol, the pellet was"hed sequentially 
with 80 and 100% ethanol, then dried and resuspended in 
DEPC-treated water. RNA was stored in aliquots at -70**C. 
The quality of RNA was visualized by running on a 
formaldehyde gel. The appearance of ribosomal RNA bands 
indicated that RNA was not degraded during :the procedure. 
The amount of RNA was determined by its absorbance at 
260 nm. « 



Df/Aaxe treatment of total RNA 

T6 remove DNA <;bntamination, 20 /xg of RNA (quantified 
, specitophotometrically) was treated with 500 ng DNAase I', 
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80 U RNasin (Promega) and 1 mM MgCl2 in Tris buffer in a 
total volume of 50 fd. The reaction was carried out at 3TC for 
1 h and the DNAase inactivated by heating to 65°C for 30 min. 

Representational difference analysis (RDA) 
RDA of cDNAs is a modiJication of genomic RD A (Lisitsyn 
et ai, 1993). We performed RDA in the following two ways. lii 
one experiment, MCF-7 cDNA was used as a driver and 
MDA-MB-231 cDNA as a tester. In the second experiment, 
MCF-7 cDNA was used as a tester and MDA-MB-231 cDNA 
as a driver. The protocol has been describer previously (Jacob 
et al., 1997). Briefly, first-strand synthesis was carried out using 
a commerdal cDNA synthesis kit as per the manufacturer's 
protocol. A linker with a BgHl site was ligated to the tester as 
well as the driver cDNA. A primer specific to one of the linker 
strands was used to PGR amplify the Imker-ligated cDNAs. 
The linkers were then removed by digesting the cDNA with 
Bglil and the digested cDNA was gel purified. A second set of 
unphosphorylated Bglil adaptors was ligated- to-the tester 
cDNA only. The tester and driver DNAs were hybridized in a 
5 /il reaction volume at a ratio of 1 :40. After hybridization, the 
ends of the tester homoduplexes were repaired with Klenow 
polymerase and 1/d of the reaction mixture was diluted to 
100 The difference product was obtained by amplifying 1 /tl 
of the diluted mixture using the top strand of the ligated 
adaptor as a primer. The amplified difference product was 
digested with EcoKl and cloned in a pBlueScript vector. 
Individual clones were picked up and sequenced by Sanger's 
dideoxy chain termination method. Representative clones were 
validated by Northern analysis and semiquantitaive RT-PCR. 

Microarray analysis 

The GeneChips, Human Genome U133A 2.0, (Affymetrix, 
Santa Clara, CA, USA) vstd in this study contained 
approximately 22000 probe sets corresponding to 18400 
transcripts and variants, including 14500 well-characterized 
human genes. 

Total RNA was converted into double-stranded cDNA by 
using Superscript II (Invitrogen, Carlsbad,. CA, USA) and an 
oligo-dT primer containing a heel of the T7 RNA polymerase 
promoter sequence. The reaction mixture containing double- 
stranded cDNA was extracted with phenol-Kihloroform, 
precipitated with ethanol, and dissolved in 12^1 RNase-free 
water. The cDNA was transcribed in vitro by using a RNA 
transcription labeling kit (Enzo Biochem, Famingdale, NY, 
USA) with 6/zl of double-stranded cDNA in the presence of 
ATP, CTP, GTP, UTP, bio-ll-CTP and bio-16-UTP. The 
biotinylated RNA was purified by using an affinity column 
{Qiagen, Valencia, CA, USA) and fragmented randomly, by 
heating to 95°C in the presence of fragmentation buff^", 
between sizes of 35 and 200 bases. The GeneChips wefe ; 
hybridized overnight at 45'*C in hybridization oven in a. 
solution containing fragmented cRNA, control oligonucleo- I 
tide B2, 20 x eucaryotic hybridization controls, herring sperm 
DNA, acetylated BSA and 2x hybridization buffer. TTie 
GeneChips were washed and stained with streptavidin- 
phycoerythrin and the antibody in 2 x MES stain buffer, 
acetylated BSA, and optically read at a resolution of 6 /xm with 
a Affymetrix GeneChip scanner 3000. AffymeUix MICRO- 
ARRAY SUITE ^ was used for initial data preparation 
(generation of .CHP files). Normalization (quantile method) 
and calculation *of signal intensities was performed with the 
software package RMA from the R project (http://www.r- 
project.org/). For -every cell line, three pplicatesf were * 
performed with Affymetrix Gene Chips. The Gene Chip data 
were use^ for fuijher calculations after the raw image and 



MAS5 analysis revealed a positive quality report. Ratios of 
average signal intensity (\og2) were calculated for the probe 
sets between pairs of cell lines and then converted to an 
average fold change (AFQ. Statistical validation was per- 
formed on probe sets as described (Yoshida et al, 2004). The 
statistical method used to assign P-values to the fold changes 
. of gene responses is described by Yoshida eXo^. (2004) and is a 
two-step procedure based on the Benjamini and Yekutieli 
construction of false discovery rate confidence intervals 
(FDRCI) (Reiner et ai, 2003). Functional annotation of 
proteins was assigned through "Gene Ontology (http://www. 
geneontoiogy.org) or Locuslink (http://www.ncbi.nlnLnih.gov/ 
LocusLink) classifications obtained through appropriate pub^ 
lie databases. 

Quantitative RT-PCR 

RNA was reverse transcribed with Superscript II (Invitrogen, 
Carlsabad, CA, USA) RT by priming with oligodT. The 
primers specific to validatal gen&s were synthesized from the 3^ 
untranslated region using Primer 3 software. PCR reactions 
were then performed in triplicates in an I-cycler Thermocycler 
with optical module (BioRad, Hercules, CA, USA). The 
amplified products were quantified by reading fluorescence of 
SybrGreen I (Molecular Probes, Eugene, OR, USA). Average 
fold changes were calculated by differences in threshold cycles 
(Ct) between pairs of samples to be compared. HPRT gcn& was 
used as a control. 

SemUjuantitative RT-PCR 

The spectrophotometrically determined concentration of RNA 
was confirmed by amplifying actin message at different cydes. 
The cycling conditions that yielded proportional increment of 
amplified product was used to nonnalizie the RNA concentra- 
tion. The normalized RNA was used as template to determine 
relative abundance of transcripts oorrespondmg to clones 
identified by RDA experiments. The conditions were standar- 
dized in the range of cycles that yielded a PCR product for at 
least one of the pairs of compared RNAs. Such experiments 
dictated cycles between 30 and 35 to be appropriate to 
compare abundance of selected transcripts in MCF7 and 
MDA-MB-231 cells. 

Northern analyst 

The expression pattern of selected transcripts in cell lines was 
also analysed in Northern blots. RNA<20^), as determined 
by spectrophotometer and confinned by actin amplification, 
was electrophoresed on a formaldehyde agarose gel. A RNA 
ladder was used as a size marker. The RNAs were transferred 
from the gel to a Hybond nylon membrane by capillary 
transfer. The RNA was fixed onto the membrane by 
irradiation in a Stratalinker. The blot was hybridized at SS^C 
for 12-1 5 h with a radioactive probe and the blot was 
subsequently washed with 0.1 x SSC and 1% SDS at 65°C. 
The hybridized probe was detected by autoradiography. 

Transfection of MCF-l celLs with antisense constructs 
The genes selected on the basis of their upregulation were 
cloned in antisense orientation in pCDNA3.1 vector (Inviro- 
gen). MCF-7 cells were grown to 70-80% confluence. 
Approximately 4 ;ig of DNA was transfectfed into MCF-7 
cells by using Lipofectamine 2000. Hie transfected cells- were 
grown in the presence of G418 (400/ig/ml)- The transfectants 
were processed for protem isolation. A control set of cells was 
transfected with an empty pcD^AS.l. The proteins were 
analysed by two-dimensional electrophoresis, and altered, 
bands were excised for mass spectrometiy. 
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Protein isolation 

The cultured cells were harvested by trypsinization and 
centrifuged at 120 g for 5min at 4°C. The cell pellet was 
washed once with ice-cold 1 x PBS. The proteins were isolated 
by using a conunercial kit (BioRad, Hercules, CA, USA). 
Briefly, pelleted cells (0.05 ml) were mixed with 0.5 ml ice-cold 
CPEB solution containing protease ^inhibitors cocktail 
(Roche), vortexed and stored on ice for 30min. The cell 
suspension was passed through a syringe needle (20 fi^uge) for 
10-20 strokes to ensure complete cell lysis. The cytoplasmic 
protein fraction was collected by centrifugation at 100^ for 
lOmin at 4°C. The nuclear pellet was washed once again with 
0.5 ml CPEB solution. The nuclear pellet was resuspended in 
0.75 ml PSB buffer, vortexed briefly and centrifuged at 1000^ 
for lOmin at 4**C, and the supernatant containmg nuclear 
protdn was collected into a new tube. The samples were 
quantified using 2D Quant kit (Amersham Biosciences), 
aliquoted and stored at -80°C to prevent protein degradation. 
To reduce streaking, background staining^nd the other gel 
"artefacts associated with substances contaminating 2D/IEF 
samples, the samples were cleaned with 2D Clean up kit (Bio 
Rad, Hercules, CA, USA) before running on the gel. 

Two-dimensional gel electrophoresvt 

The protein mixtures were separated based on isoelectric 
points by using commercial pr&<>ast pH gradient gel strips 
according to the manufacturer's instructions. The protein 
sample (175 /tg) in 185^a of sample buffer {8 m urea, 2% 
CHAPS, 0.2% biolytes, 3/10 ampholytes, 65 mM DTT and 
0.002% bromophenol blue) was loaded in the sample loading 
trays at the end of 11 cm immobilized rehydrated strips (pH 3- 
10) (Bio Rad, Hercules, CA, USA). Following isoelectric 
focusing, proteins were reduced and alkylated by successive 
15min treatments with equilibration buffer (6m urea, 0.375 M 
Tris-HQ pH 8.8, 2% SDS, 20% glycerol, 2% DTI) and 115% 
(y/p/) iodoacetamide, respectively. Proteins were then re- 
solved in the second dimension on 8-16% ^adient SDS- 
PAGE gel (Bio Rad, Hercules, CA, USA). The protein spots 
were visualized by staining with either silver stain or 



Coomassie blue stain. The gel images were compared and 
bands showing significant (greater than twofold) alterations in 
intensity were excised and processed for mass spectrometry. 
Comparisons were made between protein lysates from MCF- 
lOA, MCF-7 and MDA-MB-231 cell Imes or between MCF-7 
and MCF-7 cells transfected with specific antisense constructs. 

Protein identification by enzymatic digestion followed by mass 
spectrometry 

Prior to performing trypsin digestion, the gel pieces containing 
protdn spots were washed sequentially once with water and 
twice with acetonitrile. The gel pieces were then allowed to 
swell in lOOmM ammonium bicarbonate and finally washed 
with acetonitrile. The washed slices were dried in a Speed Vac 
concentrator, and subsequently incubated with 20 /d of 
Promega*s autocatalysis-resistant trypsm (12.5ng//il in 50mM 
ammonium bicarbonate and 5 mM CaCl2, pH 8.0) overnight at 
37''C. The supernatant (5 /d) from tryptic digest was injected 
for peptide-se*iyonce analysis using on-line capillary liquid 
chromatography-electrospray ionization-tandem mass spectro- 
metry (LG-MSyMS). The front end HPLC utilized a Dionex 
(San Francisco, CA, USA) Vydac SOOpm inner diameter 
X 15 mm C18 column. The linear acetonitrile gradient (3%/ 
min, containing 0.02% TEA) was developed using a Hewlett- 
Packard 1 100 pump operating at 0.1 ml/min, and the flow was 
split before the injector such that the flow rate through the 
column was 3 /xl/min. Peptides were detected at 215nM. The in- 
line mass spectrometer was a ThermoElectron LCQ-DECA 
instrument operated in data-dependent MS/MS mode, and 
proteins were identified by searching a nonredundant protein 
database using the Sequest program. 
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Identification of androgen-regulated genes in the 
prostate cancer cell line LNCaP by serial analysis 
of gene expression and proteomic analysis 

A common therapy for nonorgan-confined prostate cancer involves androgen depriva- 
tion; To develop a better urKlerstanding of the effect of androgen on prostatic cells, we 
have analyzed gene expression changes induced by dihydrotestosterone (DHT) in the 
androgen responsive prostate cancer line LNCaP, at both RNA and protein levels. 
Changes at the RNA level Induced by DHT were determined by means of serial analysis 
of gene expression (SAG^, and protein profiling was done by means of quantitative 
twoHdImensional polyacrylamidegel electrophoresis. Among 123371 transcripts anal- 
yzed, a total of 28844 distinct SAGE tags were identified representing 16 570 genes. 
Some 351 genes were significantly affected by DHT treatment at the RNA level 
ip < 0.05), of which 1 47 were induced and 204 repressed by androgen. In two Indepen- 
dent, experiments, the integrated intensity of 32 protein spots increased and 12 
decreased at least two-fold in response to androgen, out of a total of 1031 protein 
spots analyzed. The change in intensity for most of the affectetJ proteins Identified 
could not be predicted based on the level of their corresponding RNA. Our study pro- 
vides a global assessment of genes regulated by DHT and suggests a need for profil^g 
at both RNA and protein levels for a comprehensive evaluation of patterns of gene 
expression. 



Keywords: Artdrogen / Prostate / LNCaP / Gene expression / Serial analysis of gene expression 
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1 Introduction 

Androgens affect numerous aspects of prostate biology 
including development, growth, and maintenance. They 
also play a critical role in tumorigenesis and progression 
of prostate cancer. Androgen deprivation is an estab- 
lished treatment modality for prostate cancer. However, 
the disease eventually progresses into a hormone refrac- 
tory cancer. Several mechanisms have been identified 
which may contribute to androgen independence: (1) 
Mutations in the androgen receptor (AR) lead to llgand- 
independent activation or promiscuity of the receptor 
[1 , 2]. The ability of the receptor to activate or repress 
downstream genes can also be affected by mutation. AR 
mutation is associated with advanced phases of prostate 
cancer (3, 4J; (2) AR can be activated in a ligand-indepen- 
dent manner by specific growth factors and cytol^ines [5]; 
(3) AR gene amplification has been found to occur in 
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28-30% of tumors that recun^ed post androgen-ablation 
therapy [6, 7], Wallen et a/. [8] have recently shown that 
one-third of locally recurrent homnone refractory prostate 
cancer contain AR gene amplification; (4) Coactivator 
amplification and conepressor dowrv-regulation have 
been shown to increase receptor transactlvatlon (9, 10], 
Regardless of which pathway(s) is taken by the tumor 
cells, androgen-regulated genes may ultimately be the 
key players In the development of hormone refractory 
cancer. As a step towards a better understanding of the 
effect of androgen on gene expression, we have under- 
taken a comprehensive assessment of gene expression 
changes induced by dihydrotestosterone (DHT) in the 
androgen responsive prostate cancer cell line LNCaR An 
important feature of our study Is the parallel assessment 
of expression changes at both RNA and protein levels. 



2 Materials and methods 

2.1 Prostate cell line and DHT treatment 

LNCaP human prostate cancercell line (Annerican Type Cul- 
ture Collection, Rockville, MD, USA) was cultured for 3 d In 
phenol-free RPM1 1640 supplenrierrted with 5% charcoal- 
stripped fetal bovine serum (FBS) at 37*C. Half of the cul- 
tures were then treated with 1 0"^ m DHT for 24 h. Total RNA 

161 5-9853/01 /1 009-1 327 $1 7.50+.-50/a 
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and protein were extracted from untreated and DHT treated 
cells using TRIzol (Invitrogen, Carlsbad, CA, USA) reagent 
for RNA and a solubilization cocktail for proteins, consisting 
of 9 M urea, p-mercaptoethanol and 1 % NP-40. For kinetics 
experiments 1x10^ ceils were plated in phenol-free RPIVIi 
medium with 5% charcoal-stripped FBS. On day three, 
cells were treated with S .mL of media containirig ICT^^^ 
DHT and total RNA was extracted at different time points 
from 0-96 h. To determine the d Irect/I ndirect effect of andro- 
gen on RNA levels, cells were plated as above and treated 
with 5 ^ig/mL of cyclohexamlde in the presence or absence 
of 1 0-^ M DHT for24 h and total RNA was extracted. 

2.2 Serial analysis of gene expression 

Serial analysis of gene expression (SAGE) was performed 
as described previously [1 1) with the following modifi- 
cations: ditags were PGR amplified using biotinylated pri- 
mers and digested with A//alli enzyme [12]. Concatemers 
were heated for 15 min at 66°C and chilled on Ice for 
10 mIn before separation on an 8% polyacrylamide gel 
[13]. The concatemers were then cloned into the Sphi 
site of the pZero vector (Invitrogen). Concatenated tags 
were screened by PCR using M13 forward and Ml 3 
reverse primers. PCR products with inserts greater than 
500 bp were isolated and sequenced with Ml 3 forward 
primer on an automated 3700 DMA sequencer (Perkin- 
Elmer, Nonwaik, CT USA). For microSAGE, 1 \iQ of total 
RNA per tube was used for cDNA synthesis in two tubes, 
with the mRNA Capture Kit (Boehringer Mannheim, 
tndianapofls, IN, USA. cDNAs were cleaved with Affalll, 
ligated to linkers and then digested with Bsm Fl enzyme. 
The released tags were ligated, and processed for the 
rest of steps as with the standard SAGE protocol. 

2.3 SAGE data analysis 

SAGE tags were extracted using the SAGE software 
V 4.12 [11]. Tags were matched to the SAGE reliable 
map (release 10-26-2000) (http://www.ncbi.nlm.nih.gov/ 
SAGE/). Due to the fact that some tags map to multiple 
genes and some genes have multiple tags, SAGE data 
were analyzed in two different ways: (1) exclusion 
method: tags that match to multiple genes were dis- 
carded. Only tags that match to a single gene were tabu- 
lated and composite counts analyzed for their signifi- 
cance; (2) inclusion method: tags that match to multiple 
genes were counted at 100% toward each gene. All tags 
were tabulated and composite counts analyzed for their 
statistical significance. Lists of differentially expressed 
genes (p<0.05) obtained from the exclusion and inclu- 
sion methods were compared, and finally only genes that 
have a p value <0.05 in both lists were considered statis- 



tteaily significant. The total number of genes Identified 
was estimated by + {ti^ - 0.1 Nu„)/3.5, where Is 
the number of genes matched to SAGE tags, Num is the 
number of SAGE tags that do not match to known genes 
or ESTs, with 10^ representing the estimated sequencing 
error per SAGE tag and 3.5, the average number of tags 
per gene in the SAGE reliable map (release 1(>-26-2000). 

2.4 RT-PCR and real-time PCR quantification 

For reverse transcription-PC R (RT-PCR), 1 ng of total RNA 
was reverse transcribed into cDNA. One fortieth of cDNA 
was used for PCR reaction. Samples were collected at 
different cycles and separated on a 2% agarose gel with 
ethidium bromide. Image was captured and quantified 
using NucleoVision 760 Image Workstation (Nucleotech, 
CAjJJSA). Amplification ounces were generated. Sub- 
sequerSy, RT-PCR was done at cycles within the log 
phase of amplification. 

Real-time quantification was perfomried In the iCyder (Blo- 
Rad, Hercules, CA, USA). Briefly, one fortieth of cDNA was 
used in each reaction. Six reactions were canled out for 
each gene and three independent experirnents were per- 
formed. PCR mix comprised of IX PCR buffer, 1.5 mw 
MgCla. 0.1 mM dl^P, 200 nM primers (listed betow), 0.05 U 
platinum Taq polymerase (Invitrogen) and 0.1 x SYBR green 
(Molecular Probes,€ugene, OR, USA). PCR was carried out 
at SA'^C for 2 min, and 40 cycles of 94'*C for 30 s, 55'C for 
30 s, and 72^C for 30 s. Primers used for real-time PCR 
quantification: PSA (prostate spedflc antigen) (Hs.171995, 
6'-GGAAATGACCAQGCCAAGAC-3'. 5'-CAACCCTG GAC 
C TCACACCTA-ai, SCMHT (Hs.57475, S'-GCCTTGACC 
ACATCACTCCAT-3', 5'-AGGCCTAGQGCTGCAAAAGn3% 
and clusterin (Hs.75106, 5*-GCAGQAATACCGCAAAAA 
GC-3\ 5'-GACTCAAGATGCCCCCGTAAG-3*). Standard 
samples (50, 25, 1 0. 5, 2.5, 1 and 0.5 uLcDNA) and experi- 
mental samples were used in real-time quantification PCR. 
Each sample was run In quadruple reactions. Standard 
curve (Ct = mX + B) was obtained, where Ct is threshold 
cycle number, X is log quantity of target molecules, m is 
cun^e slope and B is Y-axis intercept value. Number of 
fold induction or repression for a given target molecule 
was cateulated by Qa/Qb, where Qia is the target quantity 
in experimental sample A and Qb is the target quantity 
in experimental sample B. Cta = mIogQa + B or Qa = 
lOtOto-BVhi, therefore. Qa/Qb = io(c»»^)*". 



2.5 2-D PAGE 

The procedure followed was as previously described 
[14], Cells were solubilized In 200 of lysis buffer con- 
taining 9.5 M urea i(Blo-Rad). 2% NP-40, 2% cannier 
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ampholytes pH 4-^ (Gallard/Schilessinger, Carle Place, 
NY, US/^, 2% p-mercaptoethanol and 10 mM PMSR 
Aliquots containing approximately 5x10^ cells, were 
applied onto isofocusing gels. lEF was conducted using 
pH 4 to 8 earner ampholytes at 700 V for 16 h, followed 
by 1000 V for an additional 2 h. The 1-D gel was loaded 

dhtb the 2-D gel; after equilibration in 1 25 mM-Tris. pH 6.8; 

10% glycerol, 2% SDS, 1% DTTand bromophenol blue. 
For the second dimension separation, a gradient of 
11-14% of acrylamide (Serve, Hauppauge, NY. USA) 
was used. Following 2-D PAGE, proteins were visualized 
by silver staining of the gels or transfen'ed to an Immobi- 
lon-P PVDF membrane (Mlllipore, Bedford, MA). 



2.6 Protein identification by mass spectrometry 

The 2-D gels were silver stained by successive incuba- 
tions in 0.02% sodium thiosulfate for 2 min, 0.1 % silver 
nitrate for 40 min and 0.014% fonnaldehyde plus 2% 
sodium carbonate. The proteins of interest were excised 
from the 2-D gels and destained for 5 min in 15 mw 
potassium fen-icyanide and 50 mw sodium thiosulfate 
as described [15]. Following three washes with water, 
the gel pieces were dehydrated in 100% acetonitrile for 
5 min and dried for 30 min in a vacuum centrifuge. 
Digestion was performed by addition of 100 ng of trypsin 
(Promega, Madison, Wl, USA) in 200 mM ammonium 
bicarbonate or by addition of 100 ng of the endopro- 
teinase Glu-C (Promega) in 100 mM ammonium bicarbo- 
nate. The Lys-C digestion was performed with 500 ng of 
the endoproteinase Lys-C (Roche, Mannheim. Germany) 
in 100 mw Tris-HCI, pH 9. Following enzymatic digestion 
overnight at 3rc, the peptides were extracted twice 
with SO nL of 60% acetonitriie/1 % TFA. After removal of 
acetonitrile by centrifugation in a vacuum centrifuge, the 
peptides were concentrated by using pipette tips CI 8 
(Millipore). 

Analyses were performed primarily using a PerSeptive 
Biosystem MALDI-TOF Voyager-DE mass spectrometer 
(Framingham, MA, USA), operated in delayed extraction 
mode. Peptide mixtures were analyzed using a saturated 
solution of cyano-4-hydroxycinnamic acid (CHA) (Sigma, 
St. Louis. MO. USA) in acetone containing 1% TPA 
(Sigma). Peptides were selected in the mass range of 
800-4000 Da. Spectra were calibrated using calibration 
mixture 2 of the Sequazyme peptide mass standards kit 
(PerSeptive Biosystenns). The search program MS-Rt, 
developed by the University of California at San Francisco 
(http://prospector.ucsf.edu), was used for searches in the 
NCBI database. Search parameters were as follows: 
maximum allowed peptide mass error of 400 ppm, con- 
sideration of one incomplete cleavage per peptide and 



pH range between 4 and 8. MALDI-TOF mass spectro- 
metry was also used for molecular weight determina- 
tion as described [16]. In some cases, the amino acid 
sequence of some peptides of interest was determined 
by ESI MS analysis. 



3 Results 

3.1 SAGE analysis of the effect of androgen 
on gene expression 

SAGE libraries were generated from LNCaP cells cul- 
tured In the presence or abser^ce of DHT. A total of 
123371 tags were generated of which 62 878 were from 
the LMCaP cell line and 60493 from the LNCaP cells 
treated with DHT for 24 h (Table 1). Sequence analysis 
identified a tctal of 28844 distinct tags representing 
16570 genes, 1 1 243 from LNCaP and 12 203 from DHT 
treated cells. A total of 351 transcripts were differentially 
expressed at a significant level (p<a05). Bghty-seven 
percent of transcripts matched GenBank entries; 7996 
corresponded to krtown sequences and 8% to €STs. 
RNA levels for 1 47 genes were increased and 204 genes 
were decreased after DHT treatment (Table 2). Therefore, 
at the RNA level more genes were repressed than 
activated by androgens. Of these androgen-regulated 
genes, 149 were changed & five-fold by DHT treatment 
(Table 3). 



Table 1. Summary of SAGE analysis in LNCaP celts 



Sample 


Total 


Distinct 


Number 


transcripts 


tags 


of genes 


-DHT 


62878 


17 050 


11 243 


+ DHT 


60493 


18 610 


12 203 


Total 


123371 


28 844 


16 570 


- DHT: LNCaP cells without dihydrotestosterone; + DHT: 


LNCaP cells treated with 10-® m dihydrotestosterone for- 


24 h 








Table ^ DHT regulated genes in LNCaP cells 




Geneis 




LNCaP vs LNCaP + DHT 




(gene #) 








p 0.05 


p 0.01 


Known gene 


ts 


277 


147 


ESTs 




29 


8 


No match 




45 


13 


Total 




351 


168 


Up-regulated by DHT (24 h) 


147 


65 


Down-regulated by DHT (24 h) 


204 


103 



i 
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Table 3. List of candidate genes that are regulated by DHT (as S fold) 



UGD or Tag 


CAP 


DHT 


Change 


Rvalue 


Description 


283305 


1 


82 


Induced 


n 
U 


immiinnnlnhulln heaw contdnt atoha 1 


1 83 752 


0 


AO 




n 


microseminoprotein, beta- 


140 


1 


44 


Induced 


0 


immi irmnl/^Ki i(In hoauu r^nnctssnt rifimmfl 5) /GiTl mdrken 


75415 


18 


95 


Induced 


0 


beta-^ - microg i o dun n 


84298 


0 


17 


Induced 


1 .ODE-05 


{yijf** antigen ^invanarR poiypepuQaui riiajur nioiuuuiiiijauiiiiy 










nrkmnlav Hacc II flntlnAn-flfifiOClatsd) 
COmpiOAi Clooo II euluyoii aoou»-»iaiou^ 


9615 


0 


16 


Induced 


1 .OOE-05 


• mtMtf^tn rArtiilaf^r\/ il<-ihtr«hflin 9 cmnnfK inimplA IsoforiTl 

nriyosin reyuiaioryiiyiHoiicuii omwvii muav*i^ lowivmi 


77443 


0 


16 


Induced 


1 .uut-uo 


or^ln nammsi 0 QlTlfVlth mUSCifi entsrlC 


1119 


6 


16 


Induced 




ni iMaar rananfnr ^llhftirn\\\i A flrOUD A. member 1 


84753 


23 


2 


Repressed 




KIAAn946 Drotein 


75 777 


0 




inoucea 


O.DDC~\Jw 


trflnQfiAlIn 
u cu loyaiii i 


0 


14 


inoucea 


O.DOC*iJO 


immunoglobulin J polypeptide, llnicer protein for immuno- . 


76325 
1852 










nlnhulin alnhd and mu Dotvoetides 


1 


17 


Induced 


4.33E-05 


aCIQ pnospnaioSot prUotain 


78465 


0 


13" 


induced 




V/-1I in ax/inn RarccitltA Vlltifi 1 7 OnCOQ6n6 homOlOP 


78344 


1 


16 


Induced 


1 ,^Ut-U4 


mur\ein hoaiA/ nnlvnaotide 1 1 smootli muscle 


83006 


19 


2 


Repressed 


1 .50E-04 


'Ouii'loa proioin 


263812 


15 


1 


Repressed 


3.1ot-U4 


ni tr-iaar rii«trihi itinn cien6 C (A ntdulans) homolOQ ' 


TACGGGGATA 


0 


11 


Induced 




Novel 


GCX)TGGGTCG 


11 


0 


Repressed 


D.D3t-U4 


Novel 


GACTGACACT 


16 


2 


Repressed 


Q Af\C-nA 


iMOvei 


284296 


0 


10 


Induced 


o dycj\A 
O.DOc-04 


U/^mn eanioriQ Ql IRP-d. mRNA comolete cds 

fiorno ocipiorio owni t Mini v^, * wuw 


75105 


13 


1 


Repressed 




amnnnmiuhinriina DFotQin (sterol isomerase) 


128075 


10 


0 


Repressed 


1.30E-03 


ESTs 


154162 


15 


2 


Repressed 


1.43E-03 


AOP-rilDOsylation factor-like 2 


6895 


1 


12 


Induced 


1.49E-03 


actin related protein 2/3 complex, subuntt 3 (21 kD) 


143240 


17 


3 


Repressed 


1.63E-03 


€STs 


211582 


0 


9 


Induced 


1.66E-03 


myosin, iight polypeptide kinase 


180266 


0 


9 


Induced 


1.66E-03 


tropomyosin 2 (beta) 


93002 


14 


2 


Repressed 


2.53E-03 


ubiquitin carrier protein E2-C 


17883 


14 


2 


Repressed 


2.S3E-03 


protein phosphatase 1G (formerly 2C;), magnesium- 








dependent, gamma isoform 


126023 


14 


2 


Repressed 


2.53E-03 


ccxo uirtWw eimiiar tn MTHI HUMAN NEUROGENIC LOCUS 






MOTfJH PROTEIN HOMOLOG 1 PRECURSOR 


69469 


2 


13 


Induced 


2.92C-03 


oenQnTic coii pruicir 1 


77899 


2 


13 


Induced 




trnnnmvQSin 1 falDha) 


285501 


2 


13 


inoucea 




Muman rearranaed immunoqiobulin lambda light chain mRNA 


119209 


0 


o 
o 


inouceu 


Q n7F-n^ 


insulin-like growth factor bindlr^g protein 7 


173043 


0 


8 


Induced 


o rv7C no 


meXaSiaSI S'wioU^I a lou ■ ■ i rvo 1 


75866 


0 


8 


Induced 


3.0/c-Uo 


HimaHiv/iarnininA HlnnAthvlaminohvdrolase 1 


171695 


0 


8 


Induced 


3.07b-Oo 


QUcU spoCllluiiy fji iuo|Ji loiooo 1 


TACGGGGATT 


0 


8 


Induced 


3.34E-03 


Novel 


• I id. fy 1 


13 


2 


Repressed 


4.19E-oi 


ubiquitously-expressed transcript 


13561 


13. 


2 


Repressed 


4.19E-0^ 


jESTs, Weakly similar to dJ37E16.5 [H. sapiens] 


98260 


8 


0 


Repressed 


4.34E-03* 


. ESTs 


CATAAGACTT 


8 


0 


Repressed 


4.64E-03 


/ Novel 


TACGGGGACA 


2 


12 


Induced 


5.76E-03 


Novel 


180034 


12 


2 


Repressed 


6.91 E-03 


cleavage stimulation factor. 3' pre-RNA, subunit 3, 77kD 


6753 


12 


2 


Repressed 


6.91 E-03 


lnosito(myo)-1(4)-monophosphatase 2 


278941 


10 


1 


Repressed 


6.94E-03 


PRO0628 protein ^ 


19500 


0 


7 


Induced 


7.25E-03 


nuclear localization signal deleted in velocardiofacal syndrome 


i 

I 

5 \ 

"i 








5 





I * 
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Table 3. Continued 



UGD or Taa 


CAP 


DHT 


Change 


Rvalue 


9006 


0 


7 


induced 


7.25E-03 


26471 


0 


7 


Induced 


7.25E-03 


AACTGCTGGC 


12 


2 


Repressed 


7.63E-03 


GCTGACCGTC 


7 


0 


Repressed 


8.69E-03 


CCGCCCTGTC 


7 


0 


Repressed 


8.o9c-U3 


243 901 


2 


11 


Induced 


8.82E-03 


119000 


1 


9 


Induced 


9.12E-03 


78S96 


i 


9 


Induced 


9.12E-03 


171 955 


7 


0 


Repressed 


9.61E-03 


180545 


7 


0 


Repressed 


9.61 E-03 


77719 


7 


n 




9.61 E-03 


4877 


7 


0 


Repressed 


9.61 E-03 


22795 


7 


0 


Repressed 


9.61 E-03 


79335 


7 


0 


Repressed 


G.6l£-03 


119177 


9 


1 


Repressed 


1.26E-02 


CGGGAGCACC 


9 


1 


Repressed 


1.296-02 


182217 


0 


6 


Induced 


1.32E-02 


75106 


U 


D 




1 .32E-02 


256311 


0 


6 


Induced 


1.32E-02 


103180 


0 


6 


Induced 


132E-02 


TACGGGGATG 


1 


8 


Induced 


1.70E-02 


AAACAAATCA 


2 


10 


Induced 


1.70E-02 


136644 


2 


10 


Induced 


1.71E-02 


8036 


2 


10 


Induced 


1.71E-02 


74284 


2 


10 


Induced 


1.71E-02 




B 
\j 


0 


Repressed 


1.75E-02 


ATCACTGCCC 


6 


0 


Repressed 


1.75E-02 


ACATCATCAG 


6 


0 


Repressed 


1.75E-02 




o 


o 


Renrsssod 


1 .75E-02 


54842 




8 


induced 


1.78E-02 


1526 


1 


8 


Induced 


1.78E-02 


7911 


1 


8 


Induced 


1.78E-02 


227400 


1 


8 


Induced 


1.78E-02 


77269 




8 


Induced 


1.78E-02 


7943 


6 


0 


Repressed 


1.81E-02 


278544 


6 


0 


Repressed 


1.81E-02 


23111 


6 


0 


Repressed 


1.81E-02 


31442 


6 


0 


Repressed 


1.81E-02 


38628 


6 


0 


Repressed 


1.81E-02 


77422 


6 


0 


Repressed 


1.81E-02 


211973 


6 


0 


Repressed 


1.81E-02 


171 075 


6 


0 


Repressed 


1.81E-02 


89781 


6 


0 


Repressed 


1.81E-02 


154149 


6 


0 


Repressed 


1.81E-02 



Description 



VAI^P (veside-associated membrane protein)-associated 

protein A (33I<D) 
Homo s^/ens clone HQ0692 
Novel ~ " ~ 

Novel 
Novel 

Homo sapiens cDNA FU20738 fls, clone HEP08257 
actinin» alpha 1 

proteasome (prosome, macropain) subunit, beta type, 5 
trophinin associated protein (tastin) 

Homo sapiens mRNAfor hypothetical protein CTR2/D1 5 gene) 
gamma-glutamyl cart)oxylase 
CGI-51 protein 
ESTs 

Homo s^/ens SWI/SNF-r^Jaltid/niatrix-associated, actin- 
dependent regulator of chromatin 01 (SMARCD1) mRNA 
ADP-ribosylatin factor 3 
Novel 

succinate-CoA llgase, ADP-forming , beta subunit 
ciusterin (complement lysis Inhibitor, SP-40, 40, sulfated gly- 
coprotein 2, testosterone-repressed prostate n^sage 2) 
granin-lilce neuroendocrine peptide precursor 
DC2 protein 
Novel 
Novel 

OS tK)x-contalning WD protein 
glioblastoma overexpressed 

ESTs, Weal<ly similar to Similar to S. cerevislae hypothetical 

protein LS1 11 
Novel 
Novel 
Novel 
Novel 
ESTs 

ATPase, Ca-»-+ transporting, cardiac muscle, slow twitch 2 
KIAA0323 protein 

mitogen-activated protein kinase l<inase kinase kinase 3 
guanine nucleotide binding protein (G protein), alpha inhibiting 

activity polypeptide 2 
RPB5-medlating protein 

acetyl-Coenzyme A acetyltransferase 2 (acetoacetyl 

Coenzyme A thiolase) 
phenylalanine-tRNA synthetase-like 
RecQ protein-like 4 
hypothetical protein 

proteolipid protein 2 -(colonic epithelium-enriched) 
homolog of Yeast RRP4 (ribosomal RNA processing 4), 

3*-5'-exoribonuclease 
replication factor C (activator 1) 5 (36.5kO) 
upstream binding transcription factor. RNA polymerase I 
apurinic/apyrimidinic endonuclease(APEX nuclease)-like 2 

protein 



i 
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Table 3. Continued 



1 l^r^ or Ton 

Uwiu or 1 ag 


PAP 






P value 


Description 


279772 


8 


1 


Repressed 


2.28C-UH 


Drain specinc proiein 


205091 


8 


1 


Repressed 


2.28E-02 


CO 1 Sf weaKiy similar lO ww aornain uinaing proiein 1 1 










(M. fDUsculus) 


75658 


8 


1 


Repressed 


— 2.20C-U2-. 


—pnospnoryiase, glycogen, Drain , .... _. 


GGGCAGCTGT 


8 


1 


Repressed 




KImkaI 


105440 


0 


5 


Induced 


o >iQC no 




118244 


0 


5 


Induced 


2.43E-02 


protein pnospnatase ^, reguiaiory suDunii d idod^ aeiui iso- 
form 


82389 


0 


5 


Induced 




V/Val 1 to proiein 


31638 


0 


5 


Induced 




mctin fPAoH-j^Ainhprn'TAll-flXDressed intennediate filament- 












flQj%nci$itnd nrntfiin) 


12013 


0 


5 


inaucea 




ATP-hinHinn rfl<i<;atte sub-famllv E fOABP) member 1 


12797 


0 


5 


Inaucea 




nPAn/U fAcnW^lii.Ala-A^n/l-li^^ hav rvtivofiDtida 16 


7736 


0 


5 


Induced 


o yioc no 


nypoLneiicoi proioin 


274479 


0 




_ Induced 


o >toc no 


MKAC7 


153138 


0 


5 


Inaucea 




nrinin ror^nnnitinn mmntAV fiubunit 5 fveast homoloal-llke 


16034 


0 


O 


inaucea 




P^T<! 


270072 


n 
U 


c 

«3 . 


inoucou 


o AQp_no 


ESTs 


1 87035 


r\ 
U 


c 
O 


InHi marl 

inaucea 




ESTs 


140452 


0 , 


o 


inaucea 


o 4QP-n9 


raraa selection Drotein (mannose 6 DhosDhate receptor bin- 










ding protein) 




n 


o 




2.43 E-02 


keratin 19 


1 9762 


U 


c 
o 




2 43E-02 


ESTs, Weakly similar to unknown p. me/anogaste/) 


317 


0 


c 

o 


inaucea 


o 4op_no 


tnnni^nmArass fDNA) 

UjL/wioui 1 roi cioo 


6236 


0 


c 
o 


inaucea 




Cw 1 «> 


GCTGGAGCCT 


5 


0 


Repressed 




Ki^t /aI 


CCAGTGCTCA 


5 


u 


Hepresseo . 




Klnunl 


ACCCTACATA 


5 


0 


Repressed 






GGGGAAATCT 


5 


0 


Bepressed 


Q noc no 


Novel 


ACTGGTACTG 


5 


0 


Repressed 


3.03C-02 


Novel 


GCTCCGGTGT 


5 


0 


Repressed 


o n*3C no 

3. 03 E-02 


Novel 


ACAGTGGTGA 


5 


0 


Repressed 


o noc no 


Novei 


7869 


*• 


7 


induced 


o nvi c no 


lySOpnOSpnailuKJ aciu o^^yiiraloitsiaowvioiia 


12101 




7 


Induced 


n nA a no 

3.04E-02 


nypoineiicai proiein 


266940 




7 


Induced 


3.04E-02 


t-complex-associaieanesxis-expressea i-iiko i 


6196 


1 


7 


Induced 


3.04E-02 


integrin-l inked kinase 


366 




7 


Induced 


3.04E-02 


6-pynjvoyltetrahydropterin synthase 


173611 


*• 


7 


Induced 


3.04E-02 


NAUn denyarogenase ^uuiquinone^ re-o proiein ^ \h»mj; 










IINML/n^rfOWl ii*yi 1 lO \<* 1 ouuirfiooo^ 


102469 




7 


Induced 


o njtc no 

3.04C-02 


puiative nuciear proioin 


78825 




7 


Induced 




mainn o 


284465 




7 


Induced 


o n>ic no 

3.04C-02 


CO 1 S 


30738 




7 


Induced 


3.04E-02 


hypotneticai proiein rLJiu*HJ/ 


78687 




7 


Inaucea 




nai tfra\ cnhinnnmx/AlinA^ f^sl-'SMase) actlvation assovlated 










factor ^- 


92381 


1 


7 


induced 


3.04E-02 


nudix (nucleoside diphosphate linked moiety X)-type motif 4 


242039 


5 


0 


Repressed 


3.26E-02 


EST 


4766 


5 


0 


Repressed 


3.26E-02 


DKFZP586O0120 protein 


283109 


5 


0 


Repressed 


3.26E-02 


hypothetical protein DKFZp762L1710 


192853 


5 


0 


Repressed 


3.26E-02 


ubiquitin-conjugating entyme E2G 2 (homologous to yeast 












UBC7) 


153678 


5 


0 


Repressed 


3.26E-02 


reproduction 8 
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Table 3. Continued 



UGD or Tag 


CAP 


DHT 


Change 


P value 


Description 


251317 


5 


0 


Repressed 




CCT 

col 


279623 


5 


0 


Repressed 


3.26E'02 


selenoprotein X 


150319 


5 


0 


Repressed 


3.2OC-02 


CCTe 

col S 


102456 




JO 


" Repressed 




- eiin/tual nf mntnr nrotfitn interactina oroteln-l — 


284250 


5 


0 


Repressed 






251871 


5 


0 


Repressed 




1 r syi 111 looo 


270480 


7 


1 


Repressed 


3.92E-02 


ESTs, Weakly similar to ALU6_HUMAN ALU SUBFAMILY SC 








SEQUENCE 


26655 


7 


1 


Repressed 


3.92E-02 


glucose^-phosphatase, transport {glucose-6-phosphate) 








protein 1 


8118 


7 


1 


Repressed 


3.92E-02 


leukotriene A4 hydrolase 


CTCCGCGGGC 


7 


1 


Repressed 


4.47E-02 


Novel 


AGGAAATGCT 


7 


1 


Repressed 


4.47E-02 


Novel 


GCTGACCGAGG 7 


1 


Repressed 


4.47E-02 


Novel 


CGGATAGTCC 


7 


1 


Repressed 


4.47E-02 


Novel 



CAP: LNCaP cells without dihydrotestosterpne 

DHT: LNCaP cells treated with 1 0^ dihydrotestosterone for54 h 

UGD:unigenelD 

Numbers in CAP and DHTcolumns are the number of tags observed in respective samples 



3.2 Confirmation of SAGE data 

To confimi the differential expression pattern at the RNA 
level, semiquantitative RT-PCR assay was performed on a 
group of selected genes. One ^g of total RNA was reverse 
transcribed into cDNA with oligo dT. cDNA was amplified by 
PCR for various cycles. PCR products were separated on 
agarose gels and quaritified by densitometry. PCR ampli- 
fication curves were plotted for each gene, and data within 
the logarithmic phase of amplification were used for quanti- 
fication (Rg. 1 A, B and C). The reproducibility of gene regu- 
lation by androgen was confirmed in three independent 
experiments by monitoring the induction of PSA in the pres- 
ence or absence of cyclohexamlde (Fig. 1 B). The kinetics 
of gene induction or repression was determined for PSA 
(Hs.171995). dusterin (Hs.76106) and SCMH1 (Hs.57475) 
genes. Typical examples of kinetics are shown in Figure 
1C. PSA was Induced at 4-6 h, peaked between 6-20 h, 
and gradually declined after 20 h post-treatment of OHT. 
Clusterin was induced within 0.5-1 h and gradually declined 
after 6-1 2 h. SCIVIH1 was repressed 2-4 h post-treatment. 
Expression of PSA, clusterin, and SCMH1 was quantified by 
real-time PCR (Rg. ID). 



3.3 Changes in protein expression induced 
by DHT 

Protein lysates of LNCaP cells cultured in the presence of 
DHT for 72 h and ceils cultured in parallel in the absence 
of DHT were subjected to 2-D PAG& (Fig. 2). Following sil- 



ver staining, gels were digitized prior to computer-based 
matching and quantitative analysis, as previously des- 
cribed [17]. Of a total of 1031 protein spots matched 
between 2-D patterns of DHT treated and untreated ceils, 
a set of 32 protein spots increased In Intensity by at least 
two-fold in two independent experiments. Likewise, a set 
of 1 2 protein spots decreased in intensity by at least two- 
fokJ in these two independent experiments. A two-fold 
change In Integrated intensity by silver staining represents 
on average a three-fold change in amount of protein, 
based on prior quantitative studies [1 7], 
The 44 protein spots that changed In intensity as a result 
of DHT treatment were excised fi^om the gels, digested 
with trypsin, and subsequently analyzed by MALDI-TOF 
MS. The resulting spectra were used to identify the pro- 
teins using the MS-Rt search program. Of the 44 spots 
excised from the gels, 29 were Identified without ambi- 
guity and consisted of 21 up-regulated and eight down- 
regulated proteins (Table 4). The klentlfied proteins rspres- 
ented a heterogeneous group that included cytoskeletal 
proteins (e.g. tropomyosin, a tubulin), metabolic enzymes 
(e.g. adenine phosphoribosyl transferase, p 1 ,4 galactosyl 
transferase, gaiactocerebrosidase), and the products of 
previously described androgen responsive genes (e.g, 
SRY, selenium binding protein) [18, 19]. Specific anti- 
bodies confirmed the identification based on MS for all 
proteins analyzed by Western blotting, which included a 
tubulin, myosin light chain isofonns, nucleoside diphos- 
phate kinase A, glyceraldehyde 3-phosphate dehydro- 
genase (G3PD), and tropomyosin (data not shown). , 
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Rgure 1. Kinetics and quanti- 
fication of androgen-regulated 
genes. Total RNA from un- 
treated and DHT treated 
LNCaP cells was reverse 
transcribed. cDNA was PGR 
amplified for various cycles. 
PGR amplification curves were 
plotted for each gene. A cycle 
number wltTiln the logarithmic 
phiase of amplification was 
selected for semi-quantitative 

analysis. cDNA was also used 

/ ^ w i«*<>*-t. for real-time quantitative PGR. 

/ - ^ ' " (a) An example of RT-PCR 

amplification of PSA at cycles 
between 20-30. (B) . RT-PCR 
of PSA In three Independently 
treacted LNCaP samples, h: 
hours; 0: no DHT; 24: treated 
with 1Cr® M DHT for 24 h; 

without cycloheximide; +: with 6 ng/mL of cycloheximide for 24 h. (C) An example of three independent kinetics expert- 
ments for PSA, clusterin and SCI^HL (D) Gomparison of SAGE results with that of real-time quantitative PGR for PSA, 
clusterin and SGIS/IH1. T: induction; i: repression. 





Corresponding SAGE data were available for most of the 
proteins affected by Dl^ treatment that were Identified, it 
was therefore of interest to detennine if the changes 
observed at the protein levels were matched by concor- 
dant changes at tt>e mRNA ieveL Remarkably, for most of 
the proteins identified, there was no appreciable concor- 
dant change at the RNA level (Table 4). 



4 Discussion 

We have compared the gene expression profile of 
LNCaP, an androgen responsive prostate cancer cell 
line, with or without androgen (DHT) treatment. Approxi- 
mately 350 of 16570 expressed genes detected at the 
RNA level were affected by dihydrotestosterone at the 
p<0.05 level. The DHT responsive genes included 
known genes, ESTs, and novel genes. As expected, we 
saw an Induction of genes that are well known to be 
regulated by androgens. For instance, we found a 1.7- 
fold induction in kalllkrein 3/PSA, a 7.6-fold induction in 
prostatic kalllkrein 2, and a 15.7-fold induction in pro- 
static acid phosphatase by DHT in LNCaP cells. We 
also saw a five-fold induction in NKX3.1/NKX3A and 
three-fold in fatty acid synthase; two previously identified 
androgen-regulated genes [20, 21]. Interestingly p-mtero- 
seminoprotein. reported to be reduced or lost In prostate 
tumor {22], was up-regulated more than 40-fold in 



LNCaP cells by DHT. More significantly, our data Indteate 
that genes involved in a variety of tumor cell fijnctions 
such as growth, apoptosis, and metastasis, are directly 
or indirectly regulated by androgens. In addition, it is 
noteworthy that iaoth p-actln and G3PD, the two most 
frequently used loading controls, were up-regulated 
approximately two-fold by DHT (p<0.01). Thus, these 
two genes may not be appropriate controls in some 
experiments. 

Serial analysis of androgen-regulated gene expression 
provides us with a list of candidate genes. However, 
many factors such as the dose of DHT and the time of 
cell exposure to DHT and other unknown experimental 
variations will affect the level of gene expression. There- 
fore, it is important to confinn the SAGE results with alter- 
native methods. We performed semiquantitative RT-PCR 
(Rg. 1 B) on approximately 20 genes and real-time quanti- 
tative PGR on 10 genes in at least three independently 
DHT treated LNCaP samples. We noticed experimental 
variations in every gene determined. Some genes such 
as PSA (Rg. 1B) have smaller variations and some have 
larger variations. In addition, the fold of alteration in 
expression identified by SAGE is different for some genes 
compared to that identified by real-time quantitative PGR. 
This is probably due to the technical limitation of SAGE. 
Serial analysis of gene expression is highly quantitative 
for genes whose tags are detected at large numbers, 
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Rgure2. 2-D PAGE patterns of 
untreated (A) and LNCaP ceiis 
treated with DHT for 72 h (B). 
Identified proteins that were 
reduced in levels following DHT 
treatments are shown In (A) and 
induced proteins are shown In 
(B). Numbered spots represent 
either proteins that were chan- 
ged In level that have not been 
identified or isoforms of identi- 
fied proteins. 
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Protein name or 
sport number 



Unigene Protein 
ID 



Oh 



72 h 



Change mRNA 
in protein 



Oh 



24 h 



Change 
In mRNA 



Adenine phosphoribosyl transferase 


28914 


0.448 


1.084 T 


36 


18. i 


Alpha.EndosuIfine ~- 


„ 111 €80 


0.066. 


0.679 t 


2 


5 t 


Alpha Tubluin 


278242 


0.924 


1.932 r 


48 


38 i 


Nucleophosmin, B23 


173205 


0.256 


0.522 t 


16 


5 I 


CGi-83 


118554 


0.063 


0.291 T 


2 


3 T 


Creatine Kinase B chain (brain) 


173 724 


0.508 


1.142 r 


59 


32 i 


Cytokeratin 8 


242463 


0.134 


0.393 t 


35 


40 t 


Cytoskeletal tropomyosin, NTRK1 


85844 


0.414 


1.174 T 


14 


18 T 


Galactocerebrosldase 


273 


0.095 


0.405 T 


3 


3 =: 


Lactoyt Glutathione Lyase 


76207 


0 


1.256 T 


27 


22 i 


Myosin Ught Chain (1000) 


77385 


0.724 


6.102 T 


118 


88 1 


Myosin Ught Chain (1001) 


77385 


0.6 


3.212 T 


118 


88 i 


Myosin Ught Chain {1032)_ 


77385 


2.573 . 


5.694 T 


iia 


. 68 - .„.4 


Nnn23 


118638 


0.583 


1.978 T 


35 


25 1 


Protein phosphatase 6, catalytic 


279563 


0.287 


0.737 T 


2 


2 


Protein 


7016 


0 


0.448 T 


2 


5 T 


Slow Skeletal Muscle Troponin 


84673 


0.067 


0.196 T 


1 


0 i 


SRY male gonadal sex determining 


1992 


0 


0.735 T 


ND 


ND 


Synovial sarcoma, X breakpoint 2 


289105 


0.225 


0.593 T 


ND 


ND 


Terminal deoxynucleotldyl 


272537 


0.392 


0.995 T 


ND 


ND 


Transformer-2 alpha 


119523 


0.074 


0.201 f 


7 


13 T 


284 




.0.173 


0.461 T 






402 




0 


0.33 T 






456 




0.154 


0.314 T 






664 




0.297 


0.629 T 






807 




0 


0.377 T 






863 




0.246 


0.665 T 






903 




0.271 


0.632 r 






1018 




0 


0.725 r 






1054 




0.47 


1.394 t 






1057 




0.451 


0.959 T 






1082 




0.609 


1.738 r 






14-3-3 eta 


75544 


0.232 


0.114 i 


1 




Beta-1 ,4-galactosyl transferase 


1 58 540 


1.306 


0.707 [ 


kin 




Coxll 


241 515 


1.643 


1.453 i 


3 


0 I 


DIhydrolipoamide dehydrogenase 


74635 


0.844 


0.132 I 


9 


8 1 


G3PD(456) 


169476 


1.191 


0.279 i 


75 


137 T 


G3PD(467) 


169479 


2.051 


0.336 1 


75 


137 t 


Selenium Binding Protein (234) 


7833 


0.411 


0.201 i 


26 


■ 31 T 


Selenium Binding Protein (237) 


7833 


0^74 


0.22 I 


26 


31 t 


651 




o.bi ; 


0.115 i 






745 




0.21 


0.067 i 






892 




0.674 


0.454 1 






1178 




0.933 


0.305 i 







Numbers In protein are the intensity of protein spots 

Numbers in mRNA columns are the number of SAGE tags detected 

ND: not detected 

t: increase; decrease; equal 
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When the tag number detected for a given gene Is close 
to zero, the quantitative nature of SAGE is connpromised. 
For instancoi in approximately 60 000 transcripts of each 
sample, the PSA tag was detected 42 times in LNCaP and 
70 times In LNCaP treated with DHT. However, the tag for 
clusterin was detected 0 times and 6 times, and the tag 
for SCIWHrS tirros and 0 times in the corresponding sam- 
ples. Therefore, the SAGE data of PSA is more reliable 
than that of clusterin and SCMH1 . Indeed, SAGE data of 
PSA is virtually identical to that of real-time quantitative 
PGR, whereas the SAGE data of clusterin and SCMH1 dif- 
fer from that of "quantitative PGR (Rg; 1 D). 

PSA is probably the best-known androgen-regulated 
gene. We were surprised to see only 1.7-fold induction 
by DKT. However, kinetics experiments indicate that PSA 
is induced at 4-6 h, peaked between 6-20 h, and gradu- 
ally declined 20 h post-treatment of DHT. Since the SAGE 
experiment was done in samples treated for 24 h with 
DHT, PSA mRNA level was likely to have declined from 
its peak level. Indeed, we could detect 5-1 0 fold induction 
of PSA at 6-8 h post-treatment. Clusterin was reported as 
an androgen-repressed gene in the rat prostate [23]. 
Recent evidence indicates that clusterin may not be 
directiy androgen-repressed, but regulated by apoptotic 
stimuli [24]. Our results suggest that clusterin was 
induced within 0.5-1 h, gradually declined after 6-12 h, 
and after 24 h reduced to a lower level than that of 
untreated cells (Rg. 1C). 

Another important question Is how many of the andro- 
gen-regillated genes Identified are directly induced or 
repressed by androgens. In order to address this ques- 
tion, detailed analyses must be done for each gene. As 
the first step, we will divide the androgen-regulated 
genes identified in this study into two groups;:the cyclo- 
hexamide-sensitive group whose induction or reduction 
of expression by DHT is blocked by the protein synthesis 
inhibitor and the cyclohexamide-insensltive group whose 
induction or reduction is not affected by cyclohexamide. 
We consider that genes in the latter group are directly 
regulated by DHT. Preliminary results suggest that 
approximately 20% of the 20 genes studied by RT-PCR 
are cyclohexamide-insensltive. Experiments are under 
way to determine the cyclohexamide sensitivity of all of 
the 149 genes listed in Table 3. Further characterization 
of androgen-regulated genes may provide some clues 
on the transition from hormone sensitive to hormone 
refractory prostate cancer. 

A relatively small set of genes could be analyzed at the 
protein level, largely due to the limited sensitivity of 2-D 
PAGE Nevertheless, a substantial number of detected 
proteins (44 of 1031 proteins analyzed. 4.3%) were 
affected by DHT treatment Some of the proteins in this 



subset that ware identified included the products of 
genes tiiat were previously shown to be affected by 
androgens, namely selenium binding protein, brain speci- 
fic creatine kinase, SRY protein, B23 and G3PD. Using 
a subtractive approach, the human selenium-binding 
protein gene was shown to be differentially expressed 
in LNCaP and reversibly down-regulated by exogenous 
androgen in a concentration-dependent manner, in con- 
cordarKe with our findings at the protein level [19]. An 
increase in levels of the brain specific creatine kinase B 
chain in response to androgen has also been described 
[25]. Likewise the SRY gene has been found to be respon- 
sive to androgen stimulation in LNCaP cells [18]. Also, a 
number of glycolytic enzymes including G3PD which 
were affected at the protein level have t>een found to be 
responsive to androgen stimulation [26]. Androgenic reg- 
ulation of the amount and phosphorylation of the protein 
823, included in our-iist of affected proteins, has been 
previously described and found to be isolated to the eariy 
changes associated with androgen mediated growth of 
the prostate {27]. 

Con^esponding SAGE data was available for most of the 
proteins affected by DHT treatment that were identified. 
Interestingly, for most of the proteins iderrtified, there 
was no appreciable concordant change at the RNA level. 
There are several potential explanations for this lack of 
concordance. A particular gene may be represented by 
more than one protein isoform in 2-D gels. For example, 
in the identified group, three proteins (myosin light chain, 
G3PD and selenium binding protein) were represented 
by more than one isoform. Thus, a source of discordance 
between RNA and protein data may be that the protein 
change is limited to a particular isoform of a protein and 
not to overall protein products of a particular gene. 
Nevertheless, a change in a particular isoform is inform- 
ative and biologically meaningful and may not be pre- 
dictable from RNA data. A lack of concordance between 
RNA and protein data may also reflect either translational 
conti'ol, post-translationa) modifications, or changes in 
protein turnover due to DHT treatment. Yet another 
explanation for a lack of concordance could be a lag 
time for changes at the RNA level to be reflected in a 
protein change. It follows from the above considerations 
that monitoring gene expression at both RNA and protein 
levels may provide complementary information that could 
not be ascertained by solely measuring RNA or protein. 

We would like to thank Dn Ken Kinzler (Johns Hopkins 
University) for providing SAGE softwam. TOs study Is par- 
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Based on biomedical literature databases, we tried a first step for constructing a gene expression 
"data warehouse" specific to human colorectal cancer (CRC). Results of genome-wide tran- 
scriptomic research were available from 12 studies, using various technologies, namel)r, SAGE, 
cDNA and oligonucleotide arrays, and adaptor- tagged amplification. Three studies analyzed CRC 
cell lines and nine studies of human sariiples. The total number of patients was 144. Out of 982 
up- or down-regulated genes, 863 (88%) were found to be differentially expressed in a single 
study, 88 in two studies, 22 in three studies, 7 in four studies, and only 2 genes in six studies. 
Eight large-scale proteomics studies were published in CRC, using 2-D-, SDS- or free-flow elec- 
trophoresis, involving only 11 patients. Out of 408 differentially expressed proteins, 339 (83%) 
were found to be differentially expressed only in a single study, 16 in three studies, 10 in four 
studies, 3 in five, and 1 in eight studies. Confirmation at proteome level of results obtained with 
large-scale transcriptomics studies was possible in 25%. This proportion was higher (67%) for 
reproducing proteome results using transcriptomics technologies. Obviously, reproducibility and 
overlapping between published gene expression results at proteome and transcriptome level are 
low in human CRC. Thus, the development of standardized processes for collecting samples, 
storing, retrieving, and querying gene expression data obtained with different technologies is of 
central importance in translational research. 
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1 Introduction 

Translational research in human colorectal cancer (CRC) is 
applying a large spectrum of molecular biology, cellular bi- 
ology, and advanced validation tools. In particular, genome- 
wide techniques are now applied to decipher modifications 
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in gene expression. In recent years, transcriptomics and 
proteomics tools have been broadly applied in CRC. The 
hope is that the new data obtained will now allow a classifi- 
cation of disease on molecular basis, deep insights into the 
pathophysiology of CRC, prognostic statements, and finally a 
systematic search for diagnostic and therapeutic targets. 

Because of the complexity of the biological system under 
investigation, the most significant contribution of transla- 
tional research in CRC is expected to derive not from the 
analysis of single experiments but fi-om libraries of experi- 
ments. In other words, the results obtained so far by trans- 
lational research tools in different clinical and experimental 
settings need to be compared, contrasted, and if possible 
synthesized. Thus, based on the biomedical literature data- 
bases, we tried a first step for constructing such "data ware- 
house" specific to human CRC. 
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The specific aims of the present study were to screen 
transcriptomics and proteomics studies published in CRC. 
and to elaborate a kind of "meta-analysis of gene expression" 
in CRC. Our hypothesis was that we would be able to deter- 
mine a common set of genes and gene products that are up- 
or down -regulated in human CRC by overlapping results 
obtained by different authors. 



2 Materials and methods 

This is a literature survey of gene expression data published 
in human CRC. A Medline search of reports published in 
English from 1990 to 2004 usmg the terms "colon cancer" 
and "gene expression" with the limit "human" was performed 
and yielded 1979 articles. All abstracts were reviewed and a 
related article search was performed on appropriate abstracts. 
Articles were selected by a consensus of two reviewers (E.S., 
M.R.) that satisfied these predetermined criteria: sample ori- 
gin (human and/or cell lines) and preparation detailed, tech- 
nology for gene expression studies defined (transcriptomics 
and/or proteomics studies), and quantitative results on over- 
expression or underexpression available. Studies concerning 
k single genes or arbitrarily selected genes were discarded 
Results obtained in animal models were not considered. 

Data were entered into an Excel working sheet (Micro- 
soft, Seatde, USA). Since gene expression data were not 
always obtained with quantitative, but in most cases semi- 
quantitative gene expression analysis technologies, no 
expression values or ratios were entered into the database. 
Only genes reported as being over- or underexpressed were 
entered. No direshold was defined so that some genes 
defined as differentially expressed might have shown only 



marginal differences. Only descriptive statistics are provided, 
which were obtained with die in-built tools of the Excel soft- 
ware. 

Various methods were used for large-scale translational 
research in CRC, including transcriptoniics and proteomics 
technologies. Results of genome-wide transaiptomic re- 
search are available from 12 studies, using various technolo- 
gies, namely, SAGE (five studies), complementary DNA 
(cDNA) arrays (five studies), and oligonucleotide array (one 
study), as well as adaptor-tagged amplification (one study). 
Three studies analyzed CRC cell lines and nine other studies 
analyzed human samples. The total number of patients pro- 
filed in all studies was 144. Out of the nine studies with hu- 
man samples, only two studies with a total of only 22 patients 
were performed using purified epithelial cells (one of them 
using cDNA arrays, the other one using SAGE technology). 
An overview of these studies is provided in Table 1. 

Eight large-scale proteomics studies were published in 
CRC using various technologies, namely, 2-D PAGE (six 
studies), SDS-PAGE (one study), and free-flow electrophore- 
sis (one study). In total, all proteome studies in. CRC involved 
only 11 patients. An overview of these studies is provided in 
Table 2. 



3 Results 

One thousand two-hundred and forty genes have been 
reported to be dysregulated (up- and/or down-regulated) in 
human CRC, representing about 5% of the 20000-25 000 
human genes. 



* The complete dataset can be consulted: 
http://wwwxhirurgiebethel.de 



Table 1. Large-scale or genome-wide transcriptomics studies in human CRC, using cell tines or human tissues. All studies together 
involved only 144 patients 



Author Year Sample Preparation Method Number 

of patients 



Zhang etal, [181 


1997 


Normal mucosa and primary tumors 


Whole tissue 


SAGE 


2 


SAGE-NET (19) 


1997 


Primary tumors and cell lines 


Cell lines 


SAGE 




Zhang etal. (18) 


1997 


Cell lines 


Cell lines 


SAGE 




Parle-McDermott et al. [201 


2000 


Cell lines 


Cell tines 


SAGE 




Yanagawa etaL [211 


2001 


Paired normal and cancer 


Whole tissue 


cDNA 


20 


Takemasa etal. [221 


2001 


Paired normal and primary tumors 


Whole tissue 


cDNA 


20 


Nottermann etaL [23| 


2001 


Paired normal mucosa and primary 


Whole tissue 


Oligonuc- 


22 






tumors, or adenoma 




leotide array 




Buckhaultsefa/. [241 


2001 


Normal mucosa, adenoma and 


Purified epithelial 


SAGE 


6 






primary tumors 


cells 






Birkenkamp etal. [251 


2002 


Paired normal and primary tumors 


Whole tissue 


cDNA 


27 


Lin etal, [26] 


2002 


Paired normal mucosa and primary 


Purified epithelial 


cDNA 


16 






tumors, or adenoma 


cells 






Muro etal. [27] 


2003 


Normal and cancer 


Whole tissue 


Adaptor-tagged 


11 


Williams etal. [281 


2003 


Paired normal mucosa and primary 


Whole tissue 


cDNA 


20 



tumors, normal and adenoma 
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Table 2. Large-scale or proteomics studies in human CRC, using cell lines or human tissues. All studies together 
involved only nine patients • 

Author Publication Sample Method Number 

year of patients 



Reymond etai [9] 


1997 


Purified epithelial cells 


2-D PAGE 


1 


Simpson ef al. [29) 


2000 


Cell lines 


SDS-PAGE 




Lawrie eta/. 1301 


2001 


Purified epithelial cells 


2-D PAGE 


4 


Simpson etai [311 


2001 


Cell lines 


Free-flow electrophoresis 




IVIedjahed era/. [321 


2003 


In silico 


2-D PAGE 




Demalteefa/. [33] 


2003 


Cell lines 


2-D PAGE 




Stierum etai [341 


2003 


Cell lines 


2-D PAGE 




Friedman etal. [35| 


2004 


Human whole tissue 


2-D PAGE 


6 



The vast majority of dys regulated genes in human CRC 
was found using transcriptomics tools: a total of 982 genes 
was found to be differentially expressed in at least one of 
these 12 transcriptomics studies. Out of these 982 genes, 863 
(88%) were found to be differentially expressed only in a 
single study, in other words these results have not been 
reproduced so far. The other findings could be reproduced in 
two or more transcriptomics studies: 88 genes were found to 
be differentially expressed in two studies, 22 in ihree studies, 
7 in four studies, no gene in five studies, and 2 genes in sbc 
studies. The most cited genes are listed in Tables 3 (up-reg- 
ulation) and 4 (down-regulation). 

A total of 408 proteins were found to be differentially 
expressed in human CRC in at least one study. Out of these 408 
molecules, 339 (83%) were mentioned in a single study, in 
other words these results could not be reproduced. Differential 
expression of the remaining 70 proteins were mentioned with 
following frequenc: 40 were mentioned in two proteomics 
studies, 16 in three studies, 1 0 in four studies, 3 in five studies, 
and a single protein in eight studies. The most cited proteins 
are listed in Table 5. It has to be noted that only a single study 
[1] provided differential display protein expression data 
obtained in the human patient, using whole tissue biopsy. 

It is also difficult to reproduce transcriptomics results 
with proteomics tools. Out of 982 genes found to be differ- 
entially expressed in human CRC by .genome-wide tran- 
scriptomics technologies (Table 6a), only 177 (18%) have 
been confirmed using proteome technologies. When the 
genes reported to be differentially expressed in three and 
more transcriptomics studies (n = 31) are compared with 
those reported to be differentially expressed in three and 
more proteomics studies (n=30), only two genes (acrin: 
ACTB_HUMAN and creatin-kinase: KCRB.HUMAN) can 
be matched. Thus, the probability of reproducing a gene 
expression result obtained at transcriptome level is low when 
using proteomics technologies. 

In contrast, there is a better reproducibility when prote- 
omics results are verified using transcriptomics tools 
(Table 6b). In fact, when the subset of 30 proteins that are 
consistently (in three studies 6r more) reported to be dysreg- 
ulated in CRC is compared with transcriptomics results, 20 

© 2005 WILEY- VCH Verlag GmbH & Co, KGaA, Welnheim 



genes can be matched, representing about two- thirds. Thus, 
the probability of being able to reproduce a proteomics result 
using transcriptomics tools is more than three times higher 
than the opposite way (67 vs. 18%), However, it has to be 
noted that in 16% of cases, results remain unclear or even 
contradictory. 

Both in the transcriptomics and proteomics studies, 
many genes and factors were found to be differentially regu- 
lated that obviously do not play a causal role in CRC carci- 
nogenesis. 

4 Discussion 

This study was aimed at screening transcriptomics and pro- 
teomics studies published in CRC, and to elaborate a kind of 
meta-analysis of gene expression in CRC in order to generate 
a data warehouse that would be usefiil in translational 
research. A significant number of translational research 
studies have been published in CRC, starting in 1997 with 
SAGE technology, followed by an increasing number of array- 
based transcriptomics studies since 2001, and more recently 
by several proteomics studies. This has created a significant 
amount of data which we were then able to compile. 

Our starting hypothesis was that we would be able to 
determine a common set of genes and gene products that are 
up- or down-regulated in human CRC by comparing results 
obtained by different authors. This endeavor was not very 
successful; obviously overiapping between published gene 
expression results both at proteome and transcriptome level 
is low in human CRC. In fact, more than 80% of results 
could not be reproduced. Several explanations can be pro- 
vided to explain this lack of reproducibility. 

First, the number of patients included in the studies is 
low (alltogether 144 patients in transcriptomics, 11 in prote- 
omics studies); some high impact publications having been 
conducted on samples of only two patients [18], This is a 
problem because interindividual genetic variability is high in 
human CRC [2]. Thus, it is allowed to hypothesize that some 
results attributed to gene dysregulation might be caused by 
genetic diversity rather than by cancer-specific traits, 

www.protecmics-fournal.de. 
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Table 3. Results of transcriptomics research in human CRC. Most cited up-regulated genes out of 12 genome-wide or large-scale studies 



TRANSCRIPTOMICS 



Accession 

Number Swiss-Prot Entry Name Name 


Yanagawa et al 2001 [21] 


Muro et al 2003 [27] 


1 
1 

o 
00 


BiHcenkamp et al 2002 [25] 


Takemasa et al 2001 [22] 


i 

"(5 

c 


i 

e 

1 

o 
? 

s 

i 

ti 
Q. 


Zhang et al 1997 [18] 


SAGE-NET et al 1997 [19] 


i 

•~ 

"(3 
<u 

O) 

c 

(3 


E 
n 

1 


a 

s 

«N 

T5 

% 
c 

o 
Z 


Paired normal and cancer 


c: 

s 

•a 

G 
(0 

1 


£ 
3 
%ji 
a. 

•o 
c 
a 

i 

o 
e 

u 
a 
B 
z 


Paired n. and pr.tumors 


Paired n. and pr.tumors 


Paired n.muc and pr.tum or adenoma 


Cell lines 


E 

B 

M 

O. 

c: 

(U 

o 

i 
g 

o 
Z 


Primary tumors and cell lines 


Cell line 


Paired n.muc and pr.tum,n and adenoma 


Paired n.muc and pr.tum or adenoma 


cONA 


Adaptor-tagged 


SAGE 


o 

o 


o 

o 


cONA 


lU 

a 

■< 

(0 


SAGE 


! SAGE 


j SAGE 


s 

a 

a 


1 

« 

•s 

o 
a 
c 
o 
o 

o 


AR141260 


075363 


IFM2_HUMAN 


Interferon-inducible protein 1-Bd 


1 




1 




1 






1 










AA232508 


Q9Y397 


SAHH_HUMAN 


S-Adenosylhomocysteine hydrolase AHCY) 






1 


1 










1 


1 






AA007218 


Q96QY8 


BGH3_HUMAN 


Transforming growth factor, beta-induzed, 66 kDa 


1 




1 


1 










1 








Goins 




TCPD.HUMAN 


Chaperonin containing TCP-1, subunit4 (deltal 












1 








1 


1 




X75821 


004984 


CA11_HUMAN 


COLlAl 










1 


1 




1 










U22055 


Q96AG0 


TF3A_HUMAN 


General transcription factor IIIA 








1 




1 










1 




U14631 


P80365 


GRO.HUMAN 


GR01 oncogene (melanoma growth stimulating 
activity, alpha) 








1 












1 


1 




M92439 


P42704 


MDPl.HUMAN 


MPDP4, MDP7 microsomal dipeptidase 






1 


1 








1 










AF029082 


P31947 


MPI2_HUMAN 


M-phase inducer phosphatase 2 






1 




















M86400 


P29312 


PR0C_HUMAN 


Pyrroline 5-carboxilate reductase mRNA 






1 




















L76465 


P15428 


SPRC_HUIVIAN 


Secreted protein, acidic„cysteine-rich 
(osteonectin) 1 






1 




















X57352 


001628 


Q96AG0 


100 kOa coactivator mRNA 


























X03205 


P62888 


RL30_HUMAN 


50S Ribosomal protein L30' . 


























M95787 


Q01995 


R123_HUMAN 


60s ribosomal protein L23 ' 


























Z25821 


P42126 


HS9B_HUMAN 


90-kDa HSP 


























U96132 


099714 


RLA2_HUMAN 


Acidic ribosomal phosphoprotein P2 mRNA 


























AB028893 


P04643 


CA14_HUMAN 


Alpha-1 chain of collagen IV 


























X79239 


Q02546 


APAI.HUMAN 


Apolipoprotein A-t 


























Ml 3934 


P06366 


BMP4_HUMAN 


Bone morphogenetic protein-2B (BMP-2B) 


























M60854 


PI 7008, 


CSEI.HUMAN 


CAS chromosome segregation gene homologue 


























M 13932 


P08708 


CD81_HUMAN 


CDB1 antigen 


























X69150 


P25232 


TCPZ.HUMAN 


Chaperonin containing TCP1, subunit 6A(zeta1 ) 


























L06498 


P17075 


CA21_HUMAN 


Collagen 3lpha-2 type 1 



























j 
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Table 3. Continued 



TRANSCRIPTOMICS 



Accession 

Number Swiss-Prot Entry Name Name 


Yanagavtra et al 2001 [21] 


Muro et al 2003 [27] 


Buckhaults et al 2001 [24] 


Birkenkamp et al 2DQ2 [25] 


Takemasa et al 2001 [22] 


1 

"3 
"53 
e 
13 


I 

i 

« 
o 

o 

I 

(0 

CL 


Zhang et al 1997 [18] 


i 

*— 

To 

LU 

< 

t/i 


Zhang et al 1937 [18] 


i 

z 

1 


Notterman et at 2001 [23] 


cDNA 


Adaptor-tagged 


SAGE 


3 

a 

o 
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104483 
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C02_HUMAN 


Complement component C2 


1 


1 






















M64716 


P25111 


R10A_HUMAN 


Csa-19mRNA 


1 


1 






















X77770 


P02383 




DNA binding protein UPI, liver mRNA fragment 
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W52460 


PI 4798 


TP2A_HUMAN 


DNAtopoiscmerase II (top2) 


























X55715 


P23396 


1F39_HUMAN 


Eukaryotic translation initialion factor(EIF3)rTiRNA 


1 
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M77234 


P49241 


IF2B_HUMAN 


Eukaryotic translation initiation factor 2, subuntt 2 


























M58458 


PI 2750 




Gamma-glytamyl hydrolase 


























D16392 


P10660 




Glyceraldehyde 3 phosphate dehydrogenase 


























M77233 


P23821 


SYG.HUMAN 


Glycyl-tRNA synthetase 


























F16294 


P09058 


RS8_HUMAN 


H19RNA 
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HS9A_HUMAN 


Heat shock Protein HSP 90-Alpha 


























136055 


Q13541 


HM6LHUMAN 


Kmgl mRNA for high mobility group protein 1 


























AA316619 


P04645 


RS23_HUMAN 


Human homolog of ydast ribosomal protein S23 
(D14530) . 


























LI 4599 


Q15233 


IMD2_HUMAN 


IMP (inosine monophosphate) dehydrogenase 2 


























X79234 


P39026 


IFM1_HUIVIAN 


Interferon induced transmembrane protein 1(9- 
27) 


























U)G505 


P30050 


LDHB.HUMAN 


Lactate dehydrogenase 6(LDH-B) 


























X64707 


P26373 


RS2_HUMAN 


LLRep 3 


























X56932 


P40429 


4F2_HUMAN 


Lymphocyte activation antigen 4F2 large subunit 


























L25899 


P39030 


NPLLHUMAN 


Nucleosome assembly protein l-like 1 


























X63527 


P14118 


GSHH.HUMAN 


Phospholipid hydroperoxide glutathione per- 
oxidase 


























X89401 


P46778 


GDFF.HUMAN 


Prostate differentation factor 


























H59771 
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RLB.HUMAN 


Ribosomal protein 16 


























M94314 


P38663 


RL18_HUMAN 


Ribosomal protein L18(RPL18| mRNA 
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RL1X_HUMAN 


Ribosomal protein L18a mRNA, complete cds 
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Ribosomal protein L7 
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Ribosomal protein L8 
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Table 4. Results of transcriptomics research in human CRC. Most cited down-regulated genes out of 12 genome-wide or large-scale studies 



TRANSCRIPTOMICS 



Entry Name Name 
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1 
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1 
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1 


1 
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t 
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1 


CAHI.HUMAN 


Carbonic anhydrase 1 
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1 


GUAU_HUMAN 


GCAP-II guanylate cyclase activator 2B; Uroguanylin; UGN 


1 






















1 


FABL_HUMAN 


L-FABP liver fatty acid-binding protein 1 
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Acyi-CoenzymeA dehydrogenase C-2 to C-3 short chain 






















1 


1 
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1 
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IgG Fc-binding protein 


1 








1 
















ITMC_HUMAN 


Integral membrane protein 2C 
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MAPK3 
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Selenoprotein P 
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Liver carboxylesterase 1 [Precursor] 


















1 
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1 
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Adipsin. complement factor DCDA (EST) 
























1 


ATPB_HUMAM 


ATP5B ATP synthase 
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CAHC_HUMAN 


CA 12 
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CANS.HUMAN 


Calcium dependent protease (small subunit) 
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CALM_HUMAN 


Calmodulin-I (CALM1 ) mRNA, 3' UTR, partial sequence 
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CAH4_HUMAN 


Carbonic anhydrase IV « 
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1 
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CgA 








1 
















1 


CLUS.HUMAN 


clusterin 
























1 


KICT.HUMAN 


Cytokeratin 20 
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1 


KDGA.HUMAN 


Diacylglvcerol kinase 








1 
















1 


DTD.HUMAN 


DTD sulfate transporter 








1 
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PLAS.HUMAN 


EST 1 22594 5, 


















1 






1 


ATPA_HUMAN 


Fl-ATPasB alpha subuntt 








1 
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LE63_HUIVIAN 


Galectin-3 (Galactose-specific lectin 3) (MAC-2 antigen) 








1 
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ABP.HUMAN 


HP-DAOl (diamine oKidase) 
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1 
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Keratin 19 
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K2C8_HUMAN 


Keratin, type 11 cytoskeletal 8 (cytokeratin 8) (K 8) (CK 8| 
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1 
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L11708 Estradiol-17 beta- dehydrogenase 2 
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1 
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Metallothlonein 1H 
























1 
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Mucin 2, intestln a (/tracheal 
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MEPA_HUMAN 


PPH alpha gene 
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1 


PA2A_HUMAN 


RASF-A PLA2 gene 
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MT1F_HUMAN 


RNA helicase-related protein 
























1 


SBPl.HUMAN 


SBP selenium-binding protein 












1 
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MTIL.HUMAN 


Serine thecnine kinase 39 (STE20/SPS1 homolog.yeastj 












1 












1 


MVL6_HUMAN 


Myosin light polypeptide 6 
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TETN.HUMAN, 


TNA tetranectin 
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1 


VIPR.HUMAN 


VIPRl vasoactive intestinal polyoeptide receptor 1 
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PLAS.HUMAN 


Placenta-specific gene 8 protein 
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Q9NXM9 


Hypothetical protein FLJ201 51 
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1 
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Transmembrane 4 superfamily member 1 








1 
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Alu subfamily SB sequence contamination warning entry 
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Sne.HUMAN 


8100 calcium-binding protein A16 
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C14A_HUMAN 


Dual specificity protein phosphatase CDC14A 




















1 


1 





Second, results have been obtained using heterogeneous 
samples in particular cell lines, whole tissue biopsies, and 
epithelial cells purified from surgical specinnens. Results 
obtained in cell lines do not allow accurate comparison be- 
tween normal and cancer cells, and the presence/absence of 
proteins of interest has to be confirmed in biopsies. For 
example, when 2-D PAGE protein patterns of normal human 



colonic crypts were compared with the CRC cell line LIM 
1863, the proteins spots from normal crypts matched only 
75-80% of the cell line spots and the relative expression 
levels of a large number of proteins differed [3]. When clin- 
ical biopsies are examined, results of phenotypic compar- 
isons depend on the type of samples examined {e.g., hetero- 
geneous whole tissue biopsies with inflammatory cells, 
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Table 5. Results of proteomics research in human CRC. Most cited up-regulated (orange), down-regulated (green), or mentioned (yellow) 
proteins out of 12 large-scale proteomics studies 
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Number Swiss-Prot Entry Name Name 
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M92439 iP42704 


ATPB_HUMAN 


ATP5B ATP synthase 
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AF029082 iP31947 


PPIA.HUMAN 


Peptidyl-Protyl Cis-Trans Isomerase A (Cyclophilin A) 
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M86400 IP29312 


P0A3_mJMAM 


Probable protein disulfide isomerase ER-60 precursor 


















L76465 I PI 5428 


TPIS.HUMAN 


Triosaphosphate isomerase (TIM) 
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X57352 1001628 


TCTP_HUMAN 


Translationally controlled tumor protein (TCTP)(p23) 
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CH60_HUMAN 


Heat shock protein 60 














M95787 1 001995 


VINC_HUMAN 


Vinculin 


■"t" 


pi : 
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Z25821 iP42126 


EF1G_HUMAN 


Etongation factor 1 -gamma mRNA 



















096132 1099714 


TBALHUMAN 


Tubulin alpha-1 chain, brain specific 


't. 














AB028893 iP04643 


CATD.HUMAN 


Cathepsin D (EC 3.4.23..5}.{GENE.CTSD}Homo sapiens 






A'-. 








X79239 1002546 


EFn_HUMAN 


Elongation factor 1 -alpha, mRNA 


■ t 












Ml 3934 iP06366 


G3P2_HUMAN 


Glyceraldehyde 3 phosphate dehydrogenase 


■■j;.:' 
















M60854 ! PI 7008 


GR78_HUMAN 


78 kDa glucose-regulated protein precursor (GRP 78) 






■J ; 










pi 


Ml 3932 iP08708 


ENOA_HUMAN 


Alpha enotase (2-phospho-D-glYcerate hydrolyase) 
















ii 


X69150 iP25232 


CRTC_HUMAN 


Calrecticulum precursor (CR55) (calregulin) 


















L06498 i PI 7075 


C0F1_HUMAN 


Cofilin, non-muscle isoform 
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L04483 iP35265 


HS7C_HUMAN 


Heat shock Cognate 71 kDa protein 


•■1;- 
















M64716 iP25111 


HBB.HUMAN 


Hemoglobin beta chain.{GENE: HBB} h.s 


















X77770 iP02383 


K2C8_HUMAN 


Keratin, type II cytoskeletal B (cytokeratin 8) (K 8) (CK 8) 
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W52460 i PI 4798 


RM12_HUIV1AN 


Mitochondrial 60s ribosomal protein L7/L12 precursor 
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X55715 |P23396 


GR75_HUMAN 


Mttochondrial stress-70 protein precursor (GRP 75) 
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M77234 iP49241 


SODC_HUMAN 


Superoxide Dismutase (Cu-Zn) 
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KCRB_HUMAM 


Creatine kinase 
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D16992 iPl0660 


143Z_HUMAN 


14-3-3 protein zeta/delta (protein kinase C inhibitor protein- 1) 














M77233 iP23821 


RL4_HUMAN 


60s ribosomal protein L4 (LI) 














F16294 iP09058 


ANXI_HUMAN 


Annexin 1 (lipocortin 1) (catpactinll) (chromobindin 9} {p35) 














X6n56 iP08865 


ROALHUMAN 


DNA binding protein UPl, liver mRNA fragment 














L36055 1013541 


FABLHUMAN 


L-FABP liver fatty acid-binding protein 1 
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Table 5. Continued 



Accession 

Number Swiss-Prot Entry Name Name 
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Tables. Reproducibilhy of trartscriptome results using proteomics tools <a) and vice versa (b). Proteonnics results have been reproduced in 
67% of cases in transcriptomics studies. Results from transcriptomics studies are more difficult to reproduce using proteomics 
tools (25%). Only two gene products can be retrieved in three and more proteomics and transcriptomics studies (actin and creatin- 
kinase) 



a. Transcriptomics > Proteomics 
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Table 6. Continued 
b. Proteomics > Transcriptomics 
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necrosis, blood, stool, etc.), so that standardized sample 
preparation procedures are critical for obtaining reproduc- 
ible results. Several sample preparation methods have been 
described, in particular fluorescence -activated cell-sorting 
(FACS) [4], laser capture microdissection (LCM) [5-8], 
immunomagnetic beads separation [9], and cellular frac- 
tionation (10]. Unfortunately, these sample preparation 
procedures were barely applied in CRC, In our experience, 
the beads -based mediod is characterized by several advan- 
tages when compared with other cell purification proce- 
dures [11]. 

Third, gene expression patterns depend on the arrays 
technology platform. In transcriptomics studies any factors 
may affect tfie outcome of a microarray experiment, in par- 
ticular technical, instrumental, computational, and inter- 
pretative factors. In fact, lack of reproducibility and accuracy 
is a major concern in microarray studies [12]. When cross- 
platform comparison was performed, reproducibilitjr was 
insufficient: only four genes from a set of 185 common genes 
selected behaved consistently on three array platforms, and 
agreement of about 30% was found between two brands [13]. 

Fourth, in proteomics studies, 2-D PAGE or 2-D DICE 
have well-known technological limitations. In CRC, even 
after epitheUal cell enrichment using magnetic beads, the 
mean CVof repeated 2-D PAGE analysis with silver staining 
was found to lie between 20 and 28%. Only 47% (interrun) to 
76% (intrarun) of spots could be matched within a triplicate 
experiment. Interindividual phenotypic variability was high. 
TTius, even under well-defined experimental conditions, 2-D 
PAGE parallel analysis of paired CRC samples is hampered 
by a significant variability [2]. 

Fifth, the methods applied for generating, formatting, 
storing, retrieving, and querying data are of outmost impor- 
tance to assess methodological and biological variation in 
gene expression analysis. Unfortunately, due to the small 
sample size (number of patients), large number of variables 
examined at once, and absence of double or triple experi- 
ments (arrays and gels are expensive and samples are rare) 
statistical analysis is often not valid. In particular, assessing 
the reproducibility of a variable is necessary (e.g., using the 
intraclass correlation coefficient) for comparing multiple 
samples at once. The use of median values instead of mean 
values has been shown to improve data correction [14], It has 
also been proposed to use housekeeping genes as endoge- 
nous controls [15]. A dedicated society. The Microarray Gene 
Expression Data (MGED) Society, has been formed to facil- 
itate the sharing of gene expression data generated by func- 
tional genomics and proteomics experiments [16]. 

Finally, correlation between results of transcriptomics 
versus proteomics results is low. For CRC, there is no pub- 
lication comparing mRNA and protein expression for a 
cohort of genes. However, extrapolation is reasonable from 
another epithelial cancer (lung adenocarcinoma), where 
such comparison has been performed. Only a subset of the 
proteins (17%) exhibited a significant correlation with 
mRNA abundance [17]. 

© 2005 WIl^Y-VCHfVerlag GmbH & Co. KGaA, Weinhelm 



Obviously, many genes and factors found to be differen- 
tially regulated (both in transcriptomics and proteomics 
studies) do not play a causal role in CRC carcinogenesis. For 
example in the studies under investigation, at least 17 
mRNAs encoding ribosomal proteins were identified to be 
dysregulated using cDNA arrays and 39 ESTs using SAGE 
technology. This broad dysfunction of protein synthesis, in 
particular of small molecules synthesis, has been reported 
not only in cancer but also in several other human diseases, 
where etiologies have been linked to mutations in genes of 
. the translationa! control machinery [3 6 J. 

However, some findings might be of particular interest 
in human CRC. For example, a small molecule group found 
to be dysregulated in human CRC is the 14-3-3 proteins 
family. 14-3-3 proteins are ubiquitous, within all eukaryotic 
cells and participate in protein kinase signaling pathways. In 
particular, they are involved in phosphorylation-dependent 
protein-protein interactions that control progression 
through the cell cycle, initiation and maintenance of DNA 
damage checkpoints, activation of MAP kinases, prevention 
of apoptosis, and coordination of integrin signaling and 
cyto skeletal dynamics [37]. Given the prevalence of specific 
14-3-3 isoforms expression in several human epithelial can- 
cers [38, 39], these proteins may be involved in cancer 
tumorigenesis and particular isoforms may be useful as 
therapeutic targets in human CRC. 

In summary, we propose a gene expression data ware- 
house in human CRC that is intended to help researchers 
active in the field to get an overview of the data available. 
Howevet reproducibility of results obtained in different 
studies was disappointing. 

As a matter of fact, the development of some types of 
unified processes for generating information, formatting, 
storing, retrieving, and querying data, regardless of the tech- 
nology used to generate it, is of central importance for 
building gene expression databases. Such unified processes 
have been proposed (see above) but have found only limited 
recognition so far. This is unfortunate because these metho- 
dological issues must be solved before trying to integrate 
experimental data from different sources into functional 
proteomics studies at the bench or in silico. The present 
meta-analysis of gene expression highlights the need for 
including a sufficient number of patients, analyzing only 
purified epithelial cells, using clinical standards (such as the 
international classification of disease, histopathology, and 
staging), assessing the variability of the technology applied, 
considering common standards for microarray data annota- 
tion and exchange, and finally for developing software 
implementing these standards and promoting the sharing of 
these high quality, well -annotated data widiin the life sci- 
ences community. 

In the absence of such unifiedprocesses, reproducibility of 
results v^thin a laboratory wiU continue to be low, confirma- 
tion of results between different groups vail stay difficult, and 
identification of diagnostic and therapeutic targets wiU remain 
a lottery. These problems are challenging the whole drug dis- 
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covery process from the very beginning, namely target identi- 
fication, so that target validation, assay development, and 
prioritization of compounds remains a high risk endeavor. 

We are very gratefiil to G. Nestlcrfor her excellent technical 
assistance, 
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Gene Expression Analysis 
Using Microarrays 

Sophie E. Wildsmith and Fiona J. Spence 



13.1 Introduction 

Microarrays are of increasing interest to both industry and academia as tools 
for 'gene hunting' and also as quantitative methods for routine analysis of large 
numbers of genes. Techniques such as real-time polymerase chain reaction (RT- 
PCR) TaqMan^M and SybrMan^^ are generally considered to be more accurate, 
robust, larger in dynamic range and less capital intensive, but for rapid, laige- 
scale gene expression analysis using limited mRNA, microanays and gene chips 
are preferred. 



13.2 Microarray experiments 
Platforms 

Global gene expression platforms are now available in multiple formats, 
including cDNA arrays, oligonucleotides spotted onto slides or in situ 
synthesised oligonucleotide arrays manufactured using photolithography. 
Commercial sources for these include Stratagene (La Jolla, CA), Memorcc 
(Kttln, Germany) and BD Biosciences (Oxford, UK) for cDNA microarrays, 
Mergen Ltd (San Leandro, CA) for spotted oligomers and Affymetrix (Palo 
Alto, CA) for oligoarrays synthesised in situ. Purchasing from a supplier is more 
expensive than generating microarrays in-house, although the latter is beneficial 
in labour-intensive institutions or when proprietary gene information is utilised. 
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•Off-the-shelf microanrays may also have the advantage of rigorous quality 
control and standardised protocols. 

It is possible to produce oligonucleotide spotted arrays in-house, by design- 
ing oligonucleotide sequences that match genes of interest and then purchasing 
purified oligonucleotides to spot down on glass or other substrates. Alternatively 
there are new systems such as that available from CombiMatrix (Mukilteo, 
WA, USA) for computer-aided design and in situ synthesis of oligonucleotides. 
However, production of cDNA microarrays is currently the most affordable and 
popular method and is now well established. Numerous sources of infonma- 
tion on cDNA microarray fabrication are available in the literature and on the 
internet (Bowtell, 1999; Cheung etaL, 1999; Wildsmith and Elcock. 2001 and 
http://cmgm. Stanford- edu/pbrown). Thus, this chapter will focus on the 
implementation of experiments and analysis of data fcojn cDNA microarrays. 
The experimental procedure differs slightly according to the number of fluo- 
rophoies (or channels) and the type and manufacturer of the array. We have 
attempted to describe a generic process, indicating where possible the different 
options. Figure 13.1 demonstrates the procedure for a two-colour hybridisation. 



Sample 1 Sample 2 




Figure 13.1 The microarray experimental process for two-colour hybridisations 



RNA Extraction 
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First, RNA is extracted from the tissue or cells of interest. The quality of the 
RNA extracted is paramount to the overall success of the microarray experi- 
ment, as impurities in the sample can effect both the probe labelling efficiency 
and also stability of the fluorescent label (Hegde et al,, 2000). Snap-fteezing 
of tissue in liquid nitrogen, inmiediately after harvesting, is used to preserve 
RNA integrity. Any further sectioning of the tissues should be carried out under 
RNAse-free conditions (Fernandez et aL, 1997). Total RNA can be extracted 
using kits such as TRIzol® (Invitrogen, Paisley, Scotland) and Rneasy (Qia- 
gen, GmbH, Hilden, Germany). Some researchers perform a further extraction 
of mRNA; this results in a purer starting material but has the disadvantage of 
lower yields. Affymetrix reconmiend betwe^en S and 40 M'g of total RNA is 
required for their GeneChips™ and 10 M^g or less is the required amount of 
starting material for cDNA microarrays (Hegde era/., 2000). 



Sample .Labelling 

Hie mRNA is transcribed in vitro, with the concomitant inclusion of labelled 
nucleotides. The labels may be fluorescent or radioactive. In the case of dual 
channel/colour hybridisations, two samples will be labelled with dyes that 
fluoresce at different wavelengths, with different emission spectra. Example 
fluorophores, available coupled to nucleotides, are Cy3, Cy5, fluorescein 
and lissamine. Wildsmith etal (2001) have demonstrated that AlexaRuor 
546dUTFw (Molecular Probes, Uiden, The Netheriands) gives a significantly 
higher signal than Cy3dCTP (Amersham Biosciences, Kscatoway, NJ, USA). 
When performing two-colour hybridisations the control sample and 'test* sample 
are labelled with different fluorophores and the subsequent cDNA is then mixed 
together and hybridised simultaneously (Nuwaysir et aL, 1999). An advantage of 
simultaneously hybridising control and treated sample is that it obviates the need 
to control for differences in hybridisation conditions or between microarrays. A 
specific example of the huge impact this technique has had includes its use 
in the first published account of gene expression data of the entire genome of 
Sacchawmyces cerevisiae (DeRisi etal., 1997). In two-colour hybridisations, 
one would assume diat the properties of the two fluorescent dyes being used 
are equivocal. In fact, for Cy5 and Cy3 this is not the case as Cy5 has been 
reported to give higher background fluorescence and also is more sensitive to 
photobleaching than Cy3 (Van Hal et al,, 2000). In addition, there is evidence 
from several independent sources that the combination of Cy3 and Cy5 dye 
labelling can affect data in certain genes. That is to say, when experiments 
arc repeated and the dye combination for the two probes reversed, inconsistent 
results are obtained with certain genes (Taniguchi et aL, 2001). Despite these 



272 GENE EXPRESSION ANALYSIS USING NflCROARRAYS 



Treated : Cy 3-532 nm Control : Cy 5-635 nm 




Figare 13 J Two-colour fluorescent scan of hunmn gene cDNA anay. The probe mix con- 
sists of DNA from HepG2 control cells and cells treated widi butliionine sulfoximine for 6 h. 
A colour version of this figure appears in the colour plate section 

facts, two-colour hybridisations arc widely accepted throughout the microarray 
community and an example of an image is shown in Figure 13,2. 

Hybridisation and Processing 

After labelling, the cDNA is purified (to remove unincorporated nucleotides), 
mixed widi a hybridisation buffer and then applied to a cDNA microarray slide. 
The sample and the slide are heated prior to hybridisation in order to separate 
double-stranded DNA. A coverslip is applied (Shalon et al, 1996), or prefer- 
ably a hybridisation chamber is used to avoid evaporation and enable an even 
hybridisation. The hybridisation and subsequent wash steps are carried out at a 
buffer stringency and temperature diat enables hybridisation of complementary 
strands of DNA but reduces non-specific binding. 

Image Capture and Image Analysis 

After hybridisation the microarray slides are scanned, using either a laser or a 
phosphorimager (depending on die type of label used). There are many different 
suppliers and models of fluorescence scanner, for example die ScanArray 5000 
(Perkin Elmer Life Sciences, Zaventem, Belgium), GenePix 4000B (Axon GRI. 
Essex, UK) and die GeneArray® (Affymetrix, Santa Clara, CA). The choice of 
scanner is determined by sensitivity, resolution, flexible wavelength, file size 
generated, throughput and technical support available. 

Images are analysed using software that measures the intensity of the sig- 
nal from the hybridised spotted genes (spots), which provides a measurement 
of the amount of cDNA bound. Thus the initial concentration of messenger 
RNA is inferred. Early software packages 'drew* grids around the spots and 
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integrated across the whole area of the grid. This overcame problems associ- 
ated with accurate location of the spots, which is problematic, especially if the 
spots on the printed arrays are poorly aligned. More recent versions of software 
'draw' circles around the spots themselves and perform measurements within 
and outside of this boundary. For example, the background may be calculated 
from a region outside die spot boundary. The intensity of the signal from the 
spot may be calculated using median, mode or mean values of the pixels within 
the spot. Researchers differ in their preferences regarding using median or mean 
values (Hegde et al, 2000) and this is likely to depend upon the protocols and 
software used. 

Image analysis software commonly is supplied with scanners or can be 
bought from the same supplier. This has the advantage of being opti- 
mised for that specific type of microarray and the benefit of upgrades 
and technical support. Software for microarray analysis is available 
from BioDiscoveiy (http://www.biodiscovery.com), Imaging Research 
(http://ima9ingresearch.e0m), GenePix Pro (Amersham Biosciences, Pis- 
cataway, NJ), arraySCOUT 2.0 (http://www.lionbio8cience.com), NIH 
(http://www.nhgri.nih.gov/DIR/LC0/15K/HTML/itngjinalyfliB.html), 
Stanford University (http: //rana. stanford.EDU/ software) Media Cyber- 
netics (Silver Spring, MD. USA) and TIGR (http//www . tigr . org/aof tlab). 
Important criteria for image analysis software include speed, ease of use, 
automation and the ability to distinguish artefact from real signal (Wildsmith 
and Elcock, 2001). 

As the technology has evolved and more experience gained, it has become 
more and more apparent that the most significant issues facing microarray users 
are the processing of the vast quantities of data generated and deciding exactly 
what topis are the most appropriate for data analysis. Because of the enormity 
of this, we have dedicated a complete section to describing the current status of 
this area. 



13.3 Data analysis 

It is important to be cognisant of the fact that the practical laboratory aspects of 
using microarrays are only part of gene expression analysis. Many researchers 
generate vast volumes of data, without a clear understanding of how to manage 
and interpret them. Furthermore, the variability in microarray data confers addi- 
tional problems for analysis. In some cases the purpose of the experiment will 
be a gene-hunting exercise, in which case a cursory indication of potential gene 
biomarkers is sufficient analysis. In other instances, such as pathway mapping 
and screening studies, it is paramount that results are statistically meaningful 
and valid. The next few sections detail some relatively simple analysis meth- 
ods and recommendations for the benefit of researchers with minimal statistical 
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Flgnre 13J The ideal micioarray expenmeotai design and process 

training. There are also suggestions for more advanced analysis for those who 
have the assistance of a statistician or specialist data analyst. 

Most of the steps before, during and after performing a micioamiy experi- 
ment are optimally conducted with regard for statistics and data analysis. Careful 
planning before implementation facilitates the downstream analysis and inter- 
pretation of data. The following model summarises the entire microarray process 
with integration of the biological and data analysts components (Figure 13.3). 

Hypothesis Generation 

Any study is conceived for the purpose of investigating or obtaining supporting 
evidence for a biological hypothesis. Giving time at this early stage to consider 
downstream implications will pay dividends later. It is helpful if, rather than 
simply suting the aims of the experiment, the researcher asks the question 'What 
results do I expect?* or 'what answer will validate/invalidate my hypothesis?'. 
This *revcrse-engineering' proves useful in focusing the project, assessing the 
feasibility of the woiic, providing early preparation for data management and 
analysis and, importantly, in managing expectations with regard to outcomes. 

A good example of careful experimental planning is demonstrated by Goiub 
etal. (1999) in the classification of acute leukaemias in order to distinguish 
between acute lymphoblastic leukaemia (ALL) and acute myeloid leukaemia 
(AML). Distinguishing between ALL and AML using conventional techniques 
is known to be a difficult task. The researchers maximised their probability of 
success by choosing an easier, more defined model (normal kidney vs. renal 
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cell carcinoma), on which to validate their analytical methods. In doing so they 
established that their techniques were suitable for classifying tissues according 
to disease and gained confidence in their approach before using the samples of 
real interest. 

Optimisation Experiments 

Although microarrays are becoming increasingly accessible to all, using these 
tools requires experience and it is unlikely that successful experiments will be 
conducted immediately. It is usual that some time is given to optimising a sys- 
tem for any specific application, for example for a given tissue or cell type. 
Additionally, the requirements for a given system may warrant some modifica- 
tions. The standard approach for a scientist to take is to vary one parameter, 
whilst keeping all others constant. This is time-consuming and does not take into 
account the interactions between different factors. Well-designed, multifactorial 
experiments (Box et al,, 1978), provide a faster route for optimisation, with a 
statistical measure of confidence. An example of this technique is in the opti- 
misation of microarray experimental conditions for preparation of fluorescent 
probes from rat liver dssue (Wildsmith etaL, 2001). When a major source of 
variation is revealed this can be investigated further with a view to minimising 
it or providing sufficient replicates to account for it. 

Design of Experiments 

Once confidence in the experimental procedure has been obtained the researcher 
is likely to have gained an insight into the reproducibility of the system. This 
assists in the design of the experiments, in particular in determining the mini- 
mal number of replicates necessary. Replication can be implemented at many 
stages - from biological samples through to microarray slides. 

Owing to the enzyme-catalysed transcription reactions, a large amount of 
variation occurs during the probe-making stages in microarray experiments. Our 
work indicated that replicates should be made at this step and a minimum of six 
replicate probes are made for microarray experiments (Wildsmith etai, 2001). 
These can be pooled or hybridised separately onto six microarray slides. 

Lee et aL (2000) have examined the effect of the different location of cDNA 
spots on the glass slides and concluded that replicates are essential to provide 
meaningful data and to enable reliable inferences to be drawn. 

With regard to commercially available gene chip systems, such as that avail- 
able from Affymetrix (see Figure 13.4), the variation between chips, within a 
batch, is likely to be low due to stringent quality control and highly automated 
manufacture. The use of an automated wash station also reduces variability in 
intensities between chips. However, using a multi-step approach in the probe 
preparation and subsequent antibody binding steps may lead to variation between 
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Figure 13A The GeneChip<& Instniment System. From left to right, the hybridisation sta- 
tion, scanner and workstation. Image courtesy of Affymetrix. A colour version of this figure 
appears iri the colour plate section 



replicate, samples prepared on different days. Pooling of reagents within an 
experiment, and analysing controls together witfi- treated samples, will both 
reduce the variability within a given experiment. 

Conduct of Experiment 

At this stage some attention may be required for verifying and validating pro- 
cesses. For example, checking that the imaging instruments give consistent 
results across the slide, on repeat use and from day to day. If two imagers 
are used it is important to verify that the results from both machines are com- 
parable. Some laboratories read fluorescence of one channel and then adjust the 
laser intensity of the second channel in order to obtain comparable readings. 
This is a method of normalising for die difference in intensities of fiuorophores. 
It is important to be aware that this approach has a number of drawbacks. The 
arbitrary value of the second laser intensity setting will vary from experiment 
to experiment; thus comparisons of this channel cannot be made across experi- 
ments. Also the response of the iluorophore may not be linear across the laser 
intensity settings and this can lead to additional errors. 

Anodier area for investigation prior to running the study itself is the image 
analysis component. Depending on the software used, the image analysis pack- 
age may process the data to some extent, for example automatic background 
subtraction. Full understanding of the software is required so that it is clear at 
what point the data are 'raw', and the extent of inherent, inseparable manip- 
ulation. Effort may be required to determine the optimum settings for any 
software parameters. 

As data are generated it is important to be aware of the data integrity - for 
example ensuring that all data are collected, so that there are no missing data that 
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Figure 13^ The reiadve fluorescence units (RFUs) of 1248 genes on seven microar- 
ray slides chat were . hybridised widi cDNA made from .the liver of .a rat. created with 
acetaminophen. Note the gene outliers at i^yproximately gene number 480 

can complicate analysis later. The researcher may be intuitively aware of any 
spurious results and should be alert for anything extraordinary that could indi- 
cate problems, for example hybridisation intensities appearing inconsistent from 
sample to sample. Data analysis at this point can be a rapid indicator of dubious 
results. For example, Figure 13.5 shows a plot of the fluorescent intensities of 
1248 genes that were hybridised with probe derived from acetaminophen-treated 
rat liver tissue. The data appear consistent, with the exception of peaks in inten- 
sity on one slide at around gene 4800. Further investigation of the microarray 
revealed a large artefact that had been missed by the image analysis process 
(Figure 13.6). 

Raw Data Generation and Storage 

One issue that arises when carrying out microarray analyses is how much data 
to store and in what form. For Good Laboratory Practice (GLP) purposes, often 
required in industry, storage of the raw data is necessary. This could be construed 
as die microarray image. Storing the image analysis results requires far less 
storage space and is easier to visualise, but it has the drawback that image 
analysis cannot be redone should superior software be available in the future. 
In reality, the methods used for microarrays are continually changing and the 
likelihood of revisiting old images on which the analysis has been performed, 
using outdated protocols is quite small. 
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Figure 13.6 Portion of scanned image showing region where artefact occurred that caused 
very high signals* which were classed as outliers 



Pre-processing 

A number of pre-processing steps are often used in microarray analysis. These 
include filtering. log transformation, normalisation and background subtraction. 
Filtering may be used before or after transformation in order to extract data 
from preferred regions of interest, or in order to remove outliers (see the 
above example relating to image analysis artefact). One example of filtering 
is the removal of individual gene replicates that lie outside a given number (for 
example S) of standard deviations from the mean. Alternatively, data points that 
lie in the top/bottom few percentiles (e.g. 0.1%) of the data can be removed. This 
method of removing outliers is also called 'trinuning*. It is acceptable if there 
is a large volume of data where only a small proportion of data is removed and 
if the same method is applied consistently across all data. Care must be taken 
in the way in which this is carried out in order not to delete genuine data. For 
example, if one gene is consistendy high or low in expression across replicates, 
then it is unlikely to be an outlier. 

Another method of detecting outliers is to plot all genes (see the section 
'Conduct of experiment' above) or to perform PCA analysis (see the section 
'Multivariate analysis' below) to detect replicate outliers. The use of a PCA 
plot to detect outliers is shown in Figure 13.7. 

Log transformation of data is accepted universally because the fluorescence 
data that are generated from microarrays tend to be skewed towards lower val- 
ues. There are scientifically valid reasons why ratios of raw expression values 
should not be used (Nadon and Shoemaker, 2002). When using two-colour 
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Figure 13.7 PCA plot of data used io Figure 13.4 showing one niicroarray (number 2) as 
an outlier 

hybridisations it is common to express the ratio of treated to control as a loga- 
rithm in base 2 (Quackenbush, 2001). Thus genes up-iegulated by a factor of 2 
have a log2 (ratio) of 1, and genes down-regulated by a factor of 2 have a log2 
(ratio) of -L 

Normalisation and background subtraction techniques are methods of data 
manipulation and dieir use is more subjective and often debated. The purpose of 
these techniques is to reduce the error (variability) that occurs between replicates 
and thus enable a comparison of data across samples. 

The theory behind background subtraction is that during hybridisation tfieie 
will be non-specific binding to the slide. This will effectively 'darken* the 
image and give falsely high readings of fluorescent intensity. Correcting for 
the non-specific hybridisation should reduce error due to background staining. 
Background subtraction often occurs automatically in microarray image analy- 
sis packages. The software may cirele the spot of interest and use the region 
beyond the periphery as the measurement of background. In cases of uneven 
hybridisation this method enables locally high background to be subtracted on 
a regional basis. One criticism of this approach is that the slide surface beyond 
the periphery is not similar, in chemical terms, to that where the nucleic acid 
has been deposited, and therefore cannot act as a real control for non-specific 
binding. A more accurate measurement of non-specific binding can be gained 
from using a region where spotting chemicals have been deposited, but no target 
is present. This concept is the basis of a method using local 'blank spots* (Wu 
era/., 2001). 

A number of methods exist for normalisation of data. These include normal- 
ising to total signal or to a *known* spot or gene, standardisation, or proprietary 
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methods. Nonnalising to total signal is the simplest approach, whereby the gene 
intensity is expressed as a percentage or proportion of the signal intensity for the 
entire array. This method works best when the total intensities for the microar- 
rays are similar and the number of changes is small compared with the number 
of genes. However, we often find, when using arrays of around 1000 genes, that 
pathological disease can up*regulate a large number of genes simultaneously. In 
this case, when total signal normalisation is applied, highly up-regulated genes 
will appear less up-regulated and genes that do not change from the control will 
appear down-regulated. 

Normalisation to a control value is a more popular technique. A control value 
can be obtained from using a gene known to remain constant under the condi- 
tions of the experiment. DeRisi etaL (1997) used a panel of 90 housekeeping 
genes for jiormalisation, but found considerable variation in their gene expres- 
sion. Unfortunately it is very difficult to know with certainty that a gene will 
not change and there is evidence to suggest that so-called 'housekeeping genes' 
are variable (Savonet et aL, 1997). Other control genes can be derived from an 
alternative species; these should not be expected to hybridise. We have used 
yeast and Arabidopsis genes as negative controls for hybridisations of rat tis- 
sues. No orthologs w«re known to the genes selected; however, in . most cases 
non-specific binding occurred. 

If two or more microarray replicates appear to be different, but they are 
expected to be the same, then they can b^ standardised. An example of this 
nught occur if the total intensity of one microarray is greater than another, but 
the genes are proportionally equally up- or down-regulated. If the microarray 
sample spot data are assumed to be drawn from a normal distribution, then the 'z- 
transform' can be used. This requires that the mean and the standard deviation of 
the intensity values for each microarray are determined. The mean is subtracted 
from each individual gene value and the remainder is divided by the standard 
deviation. The intensity values from each microarray will then have die same 
mean and standard deviation. This has the advantage of facilitating comparison 
of microarrays with different dynamic ranges as well as total intensities. If die 
data are not normally distributed, then alternative non-parametric methods can 
be used, such as normalising to the median. 

Univariate Analysis 

Univariate methods of analysis involve examining one variable, or gene, at a 
time. This can be a very laborious task when examining a large volume of 
data, yet it is the preferred method of biologists. The simplest technique is to 
compare control and treated values and express the result as a *fold-change* 
ratio. Typically, when examining small volumes of data, fold changes greater 
than 2 and less than 0.5 are considered meaningful (Quackenbush. 2001). This 
cut-off is essentially arbiu-ary and has the distinct drawback that microarray data 
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are not homoscedastic; that is, there is more variation about the mean at low 
values than there is at high values (Draghici, 2002). 

A second method for finding up- or down-regulated genes uses the standard 
deviation (SD) of the replicate gene data. Thus if changes greater than, say, 2 
SD from the log mean ratio are considerably greater than changes associated 
with 'noise\ then they are considered, significant This technique means that 
when looking at a large number of genes that are normally distributed there will 
be up- and down-regulated genes, regardless of whether there are (biological) 
changes (Draghici, 2002). 

Rather than using arbitrary cut-off values it is far more meaningful to express 
the fold-change in terms of either confidence intervals, or a 'p- value* (that 
is, die probability of the value occurring by chance). Thus, a fold-change of 
1.1 may be associated with a p- value of 0.001 and thus the probability that 
die gene is not up-regulated is 1 in 1000. Naturally, such small fold-changes 
may dien be queried in terms of biological significance. One must then ask 
the question: Are large fold-changes more important (biologically) than small 
ones? Simple calculation of p-values for two data sets can be obtained using 
r-test functions in standard spreadsheet software. A number of replicates are 
necessary for this approach, and the data' must be normally distributed. We 
have recendy developed a method for calculating p- values for fold-changes that 
is not influenced by the distribution of the data or outiiers and applied it to 
TkqMan™ and microarray data. Other complex and computationally intensive 
methods for calculating p-values are described in Draghici (2002) and Nadon 
and Shoemaker (2002). 

Multivariate Analysis 

Multivariate analysis of gene expression data is becoming increasingly popu- 
lar in die microarray community and in other biological domains where large 
volumes of data are generated. Multivariate analysis methods include princi- 
pal component analysis (PCA), factor analysis, multivariate analysis of variance 
(MANOVA) and cluster analysis. Currently, cluster analysis is the most widely- 
used method in die microarray community but PCA is growing in popularity 
(Ciescenzi and Giuliani, 2001; Konu et aL, 2001). 

Quackenbush (2001) provides a good review of clustering tools that is rather 
unique in Uie regard diat different clustering algoridims and linkage meUiods 
are presented. Clustering methods are unsupervised, and diey are powerful tools 
for gaining insight into huge data sets. They enable the data to be partitioned 
in order to facilitate interpretation; however, Uiey do suffer from subjectiv- 
ity. This is because the user selects various parameters, such as the algorithm 
used, linkage type, distance metric and, sometimes, cluster size. Whatever the 
data, clusters will always be identified, thus there is also a tendency to over- 
interpret the data - trying to attach meaning to clusters that may have no bio- 
logical relevance. 
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Software available for cluster analysis includes Ouster, the output of which 
is viewed in Treeview; both available from http://rana.8tanford.edu/ 
software. This tool is particularly useful for clustering genes to identify genes 
that are co-regulated. 

The PCA is a visualisation tool that enables complex, high-dimensional data 
to be represented in two or three dimensions. It facilitates identification of groups 
of similar data, thus enabling inferences to be made about the samples. 

An example is shown in Figure 13.8. The figure shows the gene data for one 
sample (control rat liver) that was hybridised to seven microarrays according 
to the method used in Wildsmith et al (2001). Each microairay contained two 
replicate gene sets; dius there were 14 replicate gene sets in total. The gene sets 
comprised 1248 genes (with controls). All the data (14 x 1248 data points) was 
input into the analysis and the PCA plot displays the 14 replicates individually. 
The two axes are principal components 1 and 2. Principal component 1 (PCI) 
accounts for 6S.S% of the variation in the data, whereas PC2 represents only 
13%. This means that the model accounts for 78.5% of variation in the data. 

The first principal component (PCI) accounts for as much as possible of 
the variation in the .original data and subsequent components (e.g. PC2) are of 
decreasing importance; Thus, samples 8 and 9 are i^ difierent firom samples 1 
and 2. In terms of interpreting the PCA plot, it is immediately clear that there are 
three or four distinct clusters of data. These are marked by circles. Datapoints 
tend to cluster in pairs; for example replicates 1 and 2, 3 and 4, 5 and 6, 
etc. These are the duplicate gene sets on the same microarray. This indicates 
that the variation within the microarray is lower than the variation between 
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Figure 13.8 PCA plot of the microarray results from seven slides (2690, 2692, 2723, 2869, 
2876. 2879, 2880), each with two replicate spot sets (labelled I - 14), after hybridisation with 
control rat liver. See text for explanation 
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replicate microarrays. However, given that the same sample is applied to all 
the microarrays, we must ask why we get further separation of the replicates. 
The answer lies in the associated data. The four-digit numbers associated with 
the clusters are the microarray slide numbers that indicate when they were 
printed. Numbers that are more similar seem to be more closely related, and thus 
we can hypothesise that there were some differences between the slides, such 
as differences in slide backgrounds or changes during the printing process or 
change-over of batches, between slides in the 2600-2700 region and the 2g00s. 

The PCA provides a clearer overview of the data than does cluster analy- 
sis. It is a rapid method for gaining an insight into the results, in particular 
where biological meaning can be attached to the components (Crescenzi et ai, 
2001). There are a number of packages for multivariate data analysis, including 
SIMCA-P (Umetrics, AB, Uaiea, Sweden) and The Unscrambler (Camo ASA, 
Norway), both of which are useful for PCA. 

Other tools for data visualisation include software packages such as Spot- 
fire.net (Spotfire Inc., Cambridge, MA, USA) and GeneSpring (Silicon Graphics, 
San Carlos, CA, USA). Spotfire is particularly useful for visualisation of mul- 
tidimensional data and for visualisation of temporal data. It is possible to use 
these tools to identify genes Aiat are co-ordinately expressed over time. 

Biological Interpretatioii 

After developing a sound experimental strategy, ensuring that the results are 
statistically valid, and after analysis of the data, it is down to ttie biologist to 
assemble the pieces of information that have been obtained. This intertwined 
information may include unexpected results that are contradictory to intuition or 
to published literature. One way to untangle the data is to map the relevant genes 
onto existing patiiways and known functions. The Kyoto Encyclopedia of Genes 
and Genomes (KEGG), available at http://vniirw.genome.ad.jp/kegg/, is a 
useful source of information, especially where the gene products are enzymes. It 
enables visualisation of the position of up- or down-regulated genes in metabolic 
pathways. 

The gene expression data obtained may differ from protein expression data, 
or information on gene product activity or location. When initiating a study 
it is useful to consider additional endpoints that can assist in the interpreta- 
tion of the data. For in vitro studies, these might include cytotoxicity endpoints, 
metabolites, key signalling molecules or perhaps protein expression. Waring 
et aL (2001) used tetrazolium dye reduction (MTT) as a measure of hepatocyte 
cell viability for their studies of gene expression in response to hepatotoxic 
insult. For in vivo studies, expression information on the tissue of interest could 
be supported by pathology, histology and blood chemistry measurements. Gene 
expression results could be confirmed by in situ hybridisations or protein activity 
assays. 
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13.4 Recent examples of microarray applications 

One area of rapid progress using microarray technology is the increased under- 
standing of cancer. Molecular pathologists are subgrouping cancers of tissues 
such as blood, skin and breast, based on differential gene expression patterns. 
For example, widiin a small group of breast cancer tissue samples, Perou et al 
(2000) distinguished two broad subgroups representing those expressing or alter* 
natively lacking expression of die oestrogen receptor-a gene. The work was not 
conclusive, but never has progress in this field been so rapid when compared 
with the previous methods of gene identification. 

Another example of the mxp^i of this technology is in the identification of 
two biomarkers for prostate cancer, namely hepsin and PIMl (Dhanasekaran 
era/., 2001). 

Microarray technology has also accelerated the understanding of the molecu- 
lar events surrounding pulmonary fibrosis. Specifically, two distinct clusters of 
genes associated with inflanunation and fibrosis have been identified in a dis- 
ease where, for years, the pathogenesis and treatment have remained unknown 
(Katsuma etal., 2001). 

13.5 Conclusions 

Important factors in gene expression experiments include sensitivity, precision 
and reproducibility in the measurement of specific mRNA sequences (Schraittgen 
et al, 2000). Hiese quality metrics can be maximised by using, or fabricat- 
ing, high-quality microarrays. and by optimising each step of the microarray 
process. From conception to conclusion it is important to bear in mind die 
original hypothesis. 

Having considered the complexity of the microarray experiment, the value 
obtained from a meticulously designed experiment should not be underesti- 
mated. As the number of high-quality gene expression studies increases, we hope 
that the literature will contain increasingly detailed information that will help 
interpret complex gene expression changes, and thus elucidate die mechanisms 
of disease. 
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13.9 Useful websites 

Protocols: 

ht tp : / /cmgm . Stanford . edu/pbrown 

http : //cmgm . Stanford, edu/pbrown/protocols . html 

Image analysis software: 

http : //www . genome . ad . jp/kegg/ 
http : //rsb . info . nih . gov/nlh- image 
http: //rana . Stanford, edu/software 

http : //www . nhgr i . nih . gov/DIR/LCG/15K/HTML/img-analysis . html 
http : //rana . Stanford. EDU/software 
http//www . t igr . org/sof t lab 
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INCREASING NUMBERS OF HUMAN Dis- 
eases, both acquired and genette, are 
being ooosidered to be based at least 
in part on alterations in DNA se- 
quence. For most diseases, inheritance 
and'Bcquisitton are Ukety to be com- 
plex and polygenic. The efforts of the 
Human Genome Project to ehiddate die 
structural genetic background by iden- 
tifying the chromosomal positions and 
genomic organization of between ap- 
proximately 30000 and 35000 human 
genes are nearly complete. ' Based on this 
structural knowledge, a byproduct 
should be a better "scaffolding" to hdp 
link specific genes to susceptibility to 
various human diseases. However, to un- 
derstand how the products of these ge- 
netic linkages work together to orches- 
trate the initiation and progression of 
particuUr complex diseases, there will 
be a need to apply a functiorutl genetic 
rather than a structural genetic ap- 
proach.*^ 

Until recently, functional genetic 
studies have generally been of limited 
scope, only able to elucidate the role of 
1 or a few genes at a time in 1 system. 
Information on the specificity and rela- 
tive abundance of expression prod- 
ucts has traditionally been obteined by 
techniques such as RNA Northern blot 
hybridization and ribonuclease protec- 
tion assays. Somewhat more sophisti- 
cated methods, such as differential dis- 
play^ and Serial Analysis of Gene 
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DNA microarmys represent a technological Intersection l>etween biology and 
computers that enables gene expression analysis In human tissues on a ge- 
nome-wide scale. This application can be expected to prove extremely valu- 
able for the study of the genetic basis of complex diseases. Despite tfie enor- 
mous promise oif this revolutionary technology, there are several issues and 
possible plt^ls that may undermine the authority of the microarray plat- 
fomk We discuss some of the conceptual, practical, staUstlcBl, and logisti- 
cal Issues surrounding the use of microarrays for gene expression proflltng. 
These Issues include the Imprecise definition of normal in expression com- 
parisons; the cellular and subcellular heterogeneity of the tissues being stud- 
led; the difficulty In establishing the statistically valid comparability of ar- 
rays; the logistical logjam in analysis, presentation, and archiving of the vast 
quantities of data generated; and the need for conflnnatlonal studies that 
address the functional relevance of findings. Although several complicated 
issues must be resolved, the potential payoff remains large. 

lAMA 2001;286:22B0'2288 wwwjima^ 



Expression,^ have been used to screen 
larger numbers of complementary DNA 
(cDNA) clones. However, technical 
limitations render these techniques 
nonconducive to large-scale genetic 
survey. 

To this end, a powerful new tech- 
nology is emerging, using hybridiza- 
tion to nucleotide arrays, the so-called 
gene chips.^'^ This technological inter- 
section of biology and computers en- 
ables the reliable screening of a vast 
number of genes simultaneously and is 
amenable to automation. On a nylon 
membrane or glass surface, gene- 
spedfic cDNAs can be spotted, or oli- 
gonucleotides can be synthesized in situ 
by a combination of photolithography 
and oligonucleotide chemistry. This 



permits simultaneous monitoring of the 
expression of thousands of genes in a 
single step. Individual chips can be cus- 
tomized to include any chosen set of 
fully or partially characterized ge- 
nomic or expressed sequences. Chips 
can monitor over 50000 unique se- 
quences. The power of these chips lies 
in the potential for comparative cxpres- 
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sion studies in diseased vs normal 
samples, and in documenting changes 
at different stages during the natural 
course of the disease or in response to 
neaimeht; It provides thc researcher 
with a new arsenal to analyze under- 
lying pathomechanisms on a gnind scale 
and ako to review the rationd^e of diera- 
peutic concepts. 

However, despite the enormous po- 
tential of this revolutionary technol- 
ogy, there are several issues and pos- 
sible pitfoUs that attenuate the power 
of microarrays. First, the definition of 
normal in expression comparisons is 
neither pieci^ uor unambfg^e^. Sec-'' 
ond, the heterogeneity of the tissues 
being studied complicates the mean- 
ing of the expression profiles. Third, the 
sutistically valid comparability of ar- 
rays is an unresolved problem. Fourth, 
the vast quantities of dau create a lo- 
gistical logjam for analysis, presenta- 
tion, and archiving. Finally, conflrma- 
donalstudies aic needed to ccnoborate 
the biological significance of microar- 
ray data (FIGURE 1). 

TROUBUE WITH NORMAL 

The standard normal vs diseased tis- 
sue type of comparison, which is die ba- 
sic design foundation of proflhng stud- 
ies, may be more quicksand than 
bedrock Normal is not so easy to de- 
fine— neither is diseased. Gene expres- 
sion in normal tissue is likely to be de- 
pendent on several factors involving 
patient and sample variation. These fac- 
tors will also have an impact on expres- 
sion profiles of diseased tissue. 

Fiatlent Variation: Ethnictty, 
SeHf Age, Genetic Background, 
Disease States 

The ethnidty, sex, age, and genetic back- 
ground of a patient are likely to affect 
the gene expression profiles of many tis- 
sues to vaiying extents.*'*' A simple ex- 
ample is provided by the expression pro- 
files of genes involved in scalp and body 
hair follicle activity, which can be ex- 
pected to vary over a normal range un- 
der the influence of all of these sources 
of patient variation. The effects of these 
paramcteis on gene expression arc likely 
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There are Issues IhatcompQcttB csch step of mlGroarriy gene expression imlysis. 



"Tofic subtle bu t pervasive,' not fully un- 
derstood at this time, and quite prob- 
Innatic for defbipg normal. 

The presence of disease in a subject 
who is the source of tissue for control 
purposes, presents further potential 
variabilities. For example, there may be 
a significant diRierence in the conclu- 
sions reached by 2 similar microarray 
expression profiling studies. One may 
compare genes expressed in a pa- 
tient's diseased lung tissue ivith those 
expressed in normal, nondiseased lung 
tissue from the same patient, and an- 
other may compare genes expressed in 
the same paUent*s diseased lung tissue 
with those expressed in normal, non- 
diseased lung tissue from a healdiy con- 
trol or normal individual. Moreover, it 
is also possible that seemingly unre- 
lated disease states may influence gene ' 
expression at distant sites. For in- 
stance, the presence of diabetes in 1 of 
2 renal cancer patients may compli- 
cate the direct comparison of renal 
tissues. 

Sample Variation: Proximity 
to DIseaso, Anatomic Location, 
and Developmental Range 

Yet another complication derives from 
the proximity of the normal tissue used 
as a cono-ol for the diseased tissue. Tis- 
sue adjacent to an area of disease may 
not be nonnal despite absence of evi- 
dence of disease clinically or under the 
light microscope. Nomial-appearing tis- 
sue near a tumor could, for example, 
be gcnotypically altered or exhibit an 
altered gene expression profile.'** '^ 



Moreover, factors sudi as the degree of 
disease-associated inflammation may 
have a significant impact on gene ex- 
pression profiles. Other bystander ef- 
fects, epiphenomena, or secondary dis- 
ease processes could all play important 
roles in determining expression pro- • 
files within these adjacent, so-called 
nonnal tissues. These factors must be 
considered in the choice of nmrnal 

The precise location within a par- 
ticular organ may be another impor- 
tant factor that affects gene expres- 
sion.* For example. Just as location 
relative to the uredira may influence ex- 
pression profiles in the prostate,^* skin 
from the nose, back, and pafan are cer- 
tain to have different expression pro- 
files as well, despite all being from the 
same oigan. Thus, site and specific ana- 
tomic location must also be taken into 
account in a description of normal. 

It must also be Vtpi in mind diat the 
definition of normal actually repre- 
sents a dynamic sute." All tissues, 
which are composed of early and late- 
stage cells, have a nortnal developmen- 
tal ranges For example, normal epithe- 
lium in prostatic ducts ranges from 
atrophic to resting to hyperplastic, and 
each has a unique pattern of gene ex- 
pression.^^ . 

A 3-dimensional analytic approach is 
a strategy that has been used to address 
some of these concerns about defining 
normal. Cole et al'^ used a 3-dimen- 
sional model to diaraclerize the entire 
prostate gland in their study of gene ex- 
pression profiles in prostate cancer. In 
this study, whole-mount prosiactec- 
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tom^spedmem were divided into trans- 
verse cross sections such that the cadre 
prostate gland, indudipg the complete 
spectrum of nonnal epitheUwn and tu- 
mor progression, was available for view- 
ing, microdissection, and microarray 
analysis. Ibis method was used to de- 
termine the exact physical relationship 
of the normal ducts, premalignant le- 
sions, and tumots— thus obtaining an 
anatomic feameworfc on which to over- 
lay gene expression dau. This tech- 
nique offers several advantages over the 
normal vs tumor comparison. Previous 
studies had used normal epltheUumJn^ 
"prostatic ducts ais a baseUne control 
against which to compare and contrast 
tumor gene expression profiles.^'^ How- 
ever, the expression profile of this nor- 
mal epithelium Is affected by proximity 
to tumor, location widtin the gland, and 
developmental state.'^ These bctors can 
be better appreciated using a 3-dlmen- 
sional approach. 

Dlsease*Related Variation 

Of course, many of the parameters that 
affect normal expression profiles (pa- 
dent ethnicity, age, sex, and genetic 
background, location within an or- 
gan, and developmental stage) will also 
affect disease expression profiles."''* 
Disease heterogeneity, including sub- 
type, activity, severity, stage, and pre- 
vious as well as current treatments, also 
may have a significant impact on gene 
expression.^" 

Categorizing and subgrouping pa- 
tients on enay into a stud/ may be use- 
ful to control for as many of these fac- 
tors as possible. However, there may l>c 
problems surrounding attempts to de- 
fine microanay-based categorization on 
the basis of another imperfect categori- 
zation system, such as histology, as these 
groups arc sometimes arbitrary or in- 
consistentty designated Nevertheless, de- 
termining whether gene expression pro- 
files correlate with existing clinical or 
histological categories can provide new 
Insights into the meaning of these cat- 
egories as can new methods of classify- 
ing cancers or other diseases into spe- 
cific diagnostic categories based on their 
gene eTcpression signatures. Several stud- 



ies have been able to estaUiAcxptesslon- 
based criteria (class predictors) for pre- 
existiog categories and then use these 
new ditetia to cat^orize new cases (class 
prediction).'^" Global profiling may also 
allow the development of new classifi- 
cation systems based on gene expres- 
sion alone (dass discovery).^**** 

Thus, when possible, it will be of 
value to profile a range of nonnal and 
diseased cell populations from a num- 
ber of patients to distinguish between 
differences in expression that are rel- 
evant to the disease process and those 
reflecting the biological spectrum of th^ 
normal tissue or that have occurred for 
reasons unrelated to the disease. The 
significance of this distinct^o.p is fur- 
ther appreciated when taking into ac- 
count tiie vast quantity of data gener- 
ated from microarrays and the potential 
for confounding interpretation from the 
inclusion of differential expression un- 
related to disease processes. 

It is worth notizig, however, that die 
issues of patient and sample variability 
are not unique to microarray experi- 
ments. In fact, microarmy experiments, 
in contrast to classic single-gene experi- 
ments, may actually provide the tools for 
identifying this heterogeneity. For ex- 
ample, DNA miooarrays have been used 
to expbre physiological variation in gene 
expression on a genomic scale in 60 cell 
lines derived from diverse tumor tis- 
sues.^' Chister analysis allows the iden- 
tification of prominent features in gene 
expression patterns that appear to re- 
flect molecular signatures of the tissue 
from which the cells originated.^' 

HETEROGENEOUS CELL 
POPULATIONS 

A further complication encountered with 
expression profiles is that any given tis- 
sue is composed of several cell types, 
members of which are likely to be wltiiin 
a spectrum of dynamic functional states. 
For example, a simple punch biopsy of 
the skin may contain keratinocytes, me- 
lanocytes, Langerhans cells, Merkd cells, 
adipocytes, smooth muscle cells of ar- 
rector pill, striated muscle cells of the 
panniculus camosus, blood cells includ- 
ing immune system oelb, and cellular d- 



ements of blood vesscb, nerves, hair fol* 
licles, sebaceous glands, and sweat 
gtatids. M(Keover,cdkfiomeachof diese 
populations will be at various stages of 
development and levds of activation, per^ 
forming different fimctions and respond* 
itig to disease processes or treatments in 
differentwaysand to vatyingextentSL The 
result is a highly heterogeneous sam- 
pling of ccHs, each expressing • unique 
set of genes. An expression profile gen- 
erated from a microarray study of the 
RNA in such a sample «iO thus repre- 
sent merely a snapshot of the genes cx- 
_prcssed by a plethora at-s^-mo— 
ment in time. Such extensive cellular 
heterogeneity compUcates die ability to 
draw condtisions about specific pro- 
cesses occurring within a tissue speci- 
men. An illustrative example is pro- 
vided by Stanton et al,^' who used 
microarrays to Identify genes differen- 
tially expressed during myocardial in- 
farction. The expression profiles they 
studied represented transcripts from cdl 
populations as diverse as immune sys- 
tem cdls, whidi migrated to the infarct 
region and are responsible for the in- 
flammatory response, cardiac myocytes 
within the fsdiemic area undergoing 
apoptosis and necrosis, fibroblasts un- 
dergoing proliferation and participat- 
ing in the formation of scar tissue to re- 
place the infarct, and cardiac myocytes 
undergoing hypertrophy to compen- 
sate for the loss of celb in the infarct 
area.^ The Issue of such cellular heteix)- 
geneity was avoided by categorizing the 
differentially expressed genes into furu- 
tional categories to look for patterns in- 
dicative of cardiac remoddlng without 
attempting to attribute specific tran- 
scripts to spedfic cell types. For gene ex- 
pression studies involving samples with 
mixed cdlular populations, further in- 
vestigation, such as vridi in situ messen- 
ger RNA (mRNA) hybridization, maybe 
necessary to localize the transcripts be- 
fore conclusions can be drawn about the 
roles of spedfk genes inspedfic cell types 
during the disease process. 

Laser Capture Microdissection 

An ingenious but technically delicate 
approach (o the study of complex bio- 



1262 JAMA. November M. 2001— Vol 286, No. 16 (Reprinted) ©2001 Amerioin Medical Association. All rights reserved. 



Downloaded front www.jama.com at U.S. Patent and Trademaric Office^ on June 6, 2006 



DNAMICROARRAYS 



logical samples has become possible 
with the development of laser capture 
microdissection (Figure!).^ This tech- 
nique allows for the .rapid and accu- 
rate procurement of cells from spe- 
cific areas of tissue under direct 
microscopic visualization, and thus 
makes the molecular genetic analysis 
of defined populations in their native 
tissue environment possible.^ Sgroi et 
al^ demonstrated die feasibility of com- 
bining laser capture microdissection 
with high-throughput cDNA arrays. 
They shoved that in vivo subpopula- 
tions of malignant cells from multiple 
stages of breast cancer'progrcssion 
could be separated from nonmalig- 
nant populations, and their expres- 
sion profiles could subsequendy be ana- 
lyzed using microarrays. 

The potmtial is powerful. Specimens 
could beseparated into tissue layers; for 
example, separating a skin biopsy hito 
epidermis, dennis, and hypodeimis. Tis- 
sues cotldbe further difTcrcntiated into 
specific stmctural components, such as 
dermis into blood vessek, adipose, ar- 
reaor pih, and sebaceous glands. Stnic- 
tures ooidd be separated into defined cell 
types, sudi as blood vessels into endo- 
thelial cells, erythrocytes, and lympho- 
cytes. Cell types could even be sepa- 
rated into marka--defined subtypes, such 
as lymphocytes into CD4 and CDS cells. 
Expression profiles from refined and de- 
fined structures and cell types likely 
would be extremely valuable in the study 
ofdisease. 

Potential aside, there are significant 
limitations to this technology at the pres- 
ent dme. The standard protocols for fix- 
ing and embedding tissue samples from 
surgical resections were not de;signed 
to be compatible with microarray ex- 
periments, with or without laser cap- 
ture microdissection. Typically, tissue 
suspected of being important for diag- 
nosis and staging Is processed through 
aldehyde-based fixatives, such as for- 
malin, which damage mRNA integ- 
rity.^^ If frozen tissue is available, mRNA 
can be recovered and studied from dis- 
sected cell populations. However, fro- 
zen tissue sections are technically dif- 
ficult to prepare, the histology is often 



Figure 2. Laser Capture Mfoodissection 




i::::::::::f?Ve-: 



A, ntsue teiUojtt «tc |tfocc$sect and vS6;c:^ Oti ■ mlcrosoope slide under ■ Ihbi, trinsparent'diemMwIastfc fttm, 
which k attached to a movatrte cap. Vteuafidrtg the tissue ntlcn»oopfcany. a short-dunUon« focused puhe from 
an inhared caitMn-dioxIde laser b used to activate and melt the film to selectively adt«re ceOs within targeted 
areas of Interest B. When the cap b lifted, the flbn, with selected cells still bound, b removed from the tissue 
section for further processing tu retrieve ceOular mateilils (eg. ONA, RNA. protdns). 



severely compromi5ed» and the tissue 
available may conuin only a limited 
portion of the lesion.*^ 

Moreover, the sample amounts gen- 
erated from laser capture microdtoec* 
don can be small, even as mlniscule as 
a single cclf Consequendy, the yields 
of RNA are low. Arrays have a thresh- 
old for the quantity of molecuhr start- 
ing material: at least 5 to 15 pg for oli- 
gonucleotide arrays and between 2 and 
100 pg for cDNA arrays, depending on 
the manufacturer, the source of the 
RNA, and the use of signal ampliflca- 
39.40 Studies that have successfully 
integrated laser capture microdissec- 
tion with microarray technology have 
used samples of approximately 1 X 10^ 
to 1 X celk with 95% to 98% ho- 
mogeneity as determined by micro- 
scopic visualization.^**' If needed, am- 
plification techniques may be used to 
generate sufficient genetic material for 
microarray hybridizations.*' Laser cap- 
ture microdissection is an intriguing 
technology, but time will tell whether 
its potential is realized. 

Although some biological issues re- 
lated to gene expression may be com- 
plicated by the presence of heterog- 
eneous cell populations in studied 
samples, it is abo true that some bio- 
logical conditions can be understood 
only in the context of these heterog- 
eneous cell populations. The nature of 
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global gene expression experiments is 
to uncover differences between 2 bio- 
logical samples, inchiding diose differ- 
ences based on diverse cell popula- 
tions. For example, to appreciate a 
disease that is characterized by an In- 
flammatory infiltrate, it must be un- 
derstood that the inflammatory infil- 
trate is part of the disease and is part 
of the difference between diseased and 
nondiseased tissue. Thus, the isola- 
tion of specific cell populations for 
study is not necessarily required or even 
desirable in all instances. 

MAKING MICROARRAYS 
COMPARABLE 

Ideally, miaoanay experiments should 
be comparable both within and be- 
tween laboratory or manufacturing sys- 
tems, but obtaining consistent and com- 
parable dau is a critical challenge for 
microarray-based expression analysis. 
Major sources for the observed vari- 
ability of microarray data include the 
normal physiological gene expression 
variations hi different samples and the 
noise introduced in the microarray as- 
say process.** 

Physiological Gene 
Expression Variation 

Inextricably linked to the issues of pa- 
tient and sample variability and tissue 
heterogeneity discussed above, is the 
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problem of nomal geae expression 
variations ami how to distinguish these 
variations Trom signiilcant disease- 
assodated changes. Few studies have 
systematically investigated physiologi- 
cal expression changes, but data from In 
situ hybridizations suggest that normal 
variance for many tightly regulated tis- 
sue-spedflc genes can be within 20% to 
30%/' However, there can be as much 
as 2- to 4-foId random fluctuations for 
many genes in ycasi.**-^^ Affymetrix 
(Santa □ara, Calif) guidelines have sug- 
gested thai for most of the "housekeep- 
ing" genes in human tissues, which are 
likely tobeless tightly reguiatedTdifrerT 
cnces of less than 4-fold are probably not 
biologically significant/' Consc- 
quendy, a signiilcant portion of micro- 
array data variability for high- or me- 
dium*abundanoe mlU^f As may simply be 
due to normal expression variations. Sev- 
en! previous studies have used arbi- 
trary 2-fold diange criteria to defmc sig- 
nificant expi ession change.^ However, 
the 2-fold threshold has been shown to 
be statistically invalid even for dupli- 
cate experiments.^ In a recent study that 
used cDNA microarrays to profile gene 
expression in samples of normal skin 
from breast-reduction surgeries, 71 of 
4400 genes were found to demonstrate 
variability in expression greater than 2 
SDs from die mean of each genc^^ These 
induded genes coding for transport pro- 
teins, gene transcription, cell-signaling 
protdns, and cell-surface protdns. Thus, 
physiological variation should be con- 
sidered in the analysis and interpreta- 
tion of microarray data. More stringent 
criteria for defining significant expres- 
sion change may be useful. 

Noise In the AAlcroarray 
Assay Process 

For the tightly regulated (mostly low 
abundance) mRNA s pedes, inconsis- 
tencies introduced at any stage of the 
microarray*based assay process may 
play a major role in data variability/^ 
Due to the miniaturization and the large 
number of genes involved, it is diffi- 
cult to maintain consistent processing 
conditions for each sequence across 
multiple assays, and obtaining accu- 
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rate absolute signals is unlikely.^ Noise 
may be introduced by slide heteroge- 
neities, printing irregularities (eg, 
pin-to^pin variations), and spotting 
volume flucniations.^Someof thesys- 
tematic variaUons may be reduced by 
the indusion of controls, but random 
fluctuation at various manufacturing 
stages cannot be completely con- 
trolled and can accumulate quickly in 
a complicated assay.^ 

In certain microarray systems, 2 
samples are oompetidvely hybridized to 
1 array using differetu fluors for labd- 
Jtig. In other systems, there is onlysin gle- 
ssmplt hybridizatiorL A 2<olor system 
might be expected to be more reliable 
since variations ip. spot size or amount 
of cDNA probe on the chip should not 
affect the signal ratio (both signals are de- 
rived from the same spot). However, this 
only holds one if signals are well above 
the background in both detection chan- 
nels.^ hi fact, the signal levd for most 
of the tightly regulated genes will likely 
be dose to the background levd.^ in ad- 
dition, background level on a slide can 
also vary si^iiicandy from spot to spot 
due to Actors sudi as unevetmess in sttde 
surface properties, dust contamination, 
and incomplete washing, leading to hi^ 
levels of signal variability for low- 
abundance mRNA species even in 
2-color systems.^ 

The high levels of variability of mi- 
croarray data also mean that subtle 
chartges in experimental conditions 
may signiOcandy alter the results, mak- 
ing it difncult for separate laborato- 
ries to compare experimental data. In 
addition, the lack of standard con- 
trols, the predominant use of relative 
signals (ratios), and the adoption of in- 
compatible data formats contribute to 
poor comparability between studies.'*' 
Despite the hard-wired variability in- 
troduced by chip manufacturing con- 
ditions, most of the published studies 
to date using microarray-based expres- 
sion analysis include only limited num- 
bers of replicates.^' In fact, many stud- 
ies conduct the experiment only once. 
Considering the potential sources of as- 
say variation, the need for sufficiently 
replicated studies is underscored.^' 



AAlcioarrty Data NofmaOsillon 

Because of variability of microamy data 
for single sample arrays and for fur* 
ther analysis of 2-color system arrays, 
each must be brought into the same 
scale to compare 2 or more arrays. How 
to perform this normalization of gene 
expression levds across multiple ar- 
rays, thus removing systenutic varia- 
tion between the arrays and rendering 
different experiments comparable, rt- 
mains an issue that is not yet fidly re- 
solved.'^ Many of the early microarray 
studies in the literature simply ig- 
_jPored this issue. A more ststi£!lcalty rig-, 
orous approach is needed. 

One difllculty has been that leading 
microarray manufacturers have not 
published statistical ienror models for 
their products. Thus, users are un- 
clear how much to adjust data for varia- 
tions in spot intensity, hybridization 
patterns, and intensity measurement 
sensitivity. Software does exist to al- 
low forarniy-to-^anay ccnnparlsons by 
using a scaling factor to normalize gene 
expression patterns across arrays. How- 
ever, in general these algorithms as- 
sume that intensity differences be- 
tween arrays are linearly rekted with 
a zero y-iruerocpl.*' This assumption al- 
lows software to trim the tails off dis- 
tributions of expression from differ- 
ent arrays at statistical cutoffs and then 
simply move the disoributions abng an 
axis to a common level to provide com- 
parisons. However, this linear rdadon- 
ship often does not hokl true.^* When 
die average expression level of 1 array 
is higher than that of a second array, a 
longer taU will be nimmed from die sec- 
ond array. Thus, a greater number of 
genes from the first array will be 
counted as being expressed because 
their expression level is above the sta- 
tistical cutoff point. In this case, the 2 
arrays cannot be considered compa- 
rable. 

Although bioinformatic software has 
recently been developed that offers 
more statistically robust normaliza- 
tion, the cost of these commercially 
available programs (combined with the 
already expensive microarrays) has 
been prohibitive for many research- 
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trs,^ Standardization of these pro- 
cesses awaits the development of im- 
proved methods of normalization 
leading to vaUd statistical models widely 
available to all researchers. 

To this end, Schadt et al^' have de- 
veloped a standard nonlinear curve 
technique for normalizing the data in 
arrays that do not. demonstrate a lin- 
ear relationship between data sets. This 
model performs well when the 2 
samples being compared demonstrate 
a low number of differentially ex- 
pressed genes. However, when expres- 
sion profiles of 2 sa mple s vary to a 
greater extent, ScKTdi et aP recom- 
mend a rank-selection method. Using 
this method, genes expressed on an ar- 
ray are ranked from highest to lowest 
level of expression. Then, for the ar- 
ray expressing a greater number of 
genes, the genes with the lowest ex- 
pression Icveb are removed from the list 
until the 2 am^s Ust a comparable num- 
ber of expressed genesi'This type of 
rank-selection method has gained sup- 
port from other groups, but it too has 
limitations.^ Removing low-expres- 
sion level data points restricts the study 
to the more extreme and easily de- 
tected entities, a technique that blunts 
the genomic-^cale potential of micro* 
array technology. 

Enbrts continue to improve compa- 
rability between arrays. Jones^** re- 
cendy applied a statistical model to nor- 
malize spotted cDNA array data that 
ukes into account not only the differ- 
ences in numbers of genes expressed be- 
tween arrays, but also the interarray 
variations in fluorescent dye Intensity 
and mechanical error occurring in the 
printing process. Nevertheless, the is- 
sue of how to properly normalize ar- 
ray data has not been setded. Research- 
ers must continue to demand statistical 
rigor in their comparisons before they 
can believe the mathematical results of 
their data. 

LOGISTICAL LOGJAM 

Mlcroanays deliver massive amounts of 
data on tens of thousands of genes. The 
result is an immense quantity of bio- 
logical information that must be ana- 
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lyzed, presented, and archived in a 
meaningful way. 

Data Analysis . 

In human studies, the number of hy- 
bridizations that can be performed for 
any set of experimental conditions is of- 
ten restricted by the limited number of 
obtainable tissue samples and by the ex- 
pense of arrays. Restricted numbera of 
hybridizations for each experiment 
hamper the abiUty to assess the bio- 
logical signiftcance of variation within 
or between given sets of conditions. 
Thus, for the assessment of thousands 
of genes in a setting of limited hybrid- 
izations, the importance of reliable and 
sophisticated algorithms for data aiuily- 
sis becomes amplified.'^ 

A logical beginning is to examine the 
extremes, that is, genes with signifi- 
cant differential expression in indi- 
vidual samples. For example, a com- 
parison of 2 samples can be visualized 
, in the form of a simple btvariate scat- 
terplot in which die expression profile 
of I sample (x-axis) is plotted against 
that of the second sample (y-axis). The 
disnribution pattern generally demon- 
strates that the expression ratios dus- 
ter around the line in which x is equal 
to y (indicadog comparable leveb), widi 
individual genes falling varying dis- 
tances from this line. Additiorud lines can 
be placed on the scatterplot to repre- 
sent various fold changes of expres- 
sion. Data points that fall above or 
below these lines represent genes ex- 
hibitmg expression rados greater or less 
than the spedlied fold change. Thus, one 
can begin by examining those genes that 
demonstrate a 10-fold or greater change 
in expression level. To expand the num- 
ber of genes under investigation, one can 
examine genes that demonstrate a 5-fold 
or greater change, or a 3-fold or greater 
change, and so forth. Many studies de- 
fine a 2-fold or greater change in ex- 
pressfion level to represent significant dif- 
ferential expression. The 2-fold 
threshold, however, as noted above, has 
been shown to be statistically invalid.** 
Although this simple technique can be 
efficient and effective for focusirig on ex- 
panding sets of differentially expressed 

;hts reserved. (Reprtnted) i> 



sequences, again, such an analysis does 
not take advanti^e of die full potential 
of genome-scale experiments to en- 
hance our comprehension of ceDularbi- 
obgy that would be provided by an in- 
clusive analysis of die entire repertoire 
of transcripts in a cell as it goes through 
a biological process.^ A more holistic ap- 
proach, which allows the deciphering of 
patterns from die entire data set, is 
needed. 

Data Organization 
and Presentation 

Statistical alporithms canbesppUed to 
detect and extract pttems within pro- 
filing data. It is a basic assumption of 
many gene expression studies that 
knowledge of where and when a gene 
is expressed provides information about 
the function of the gene. Therefore, an 
important beginning is to organize 
genes on the basis of sbtnilarities in their 
expression profiles.*^ However, even 
this basic tenet deserves critical con- 
sideratiorL Simihirity of gene eiqires- 
sion profile does not mandate siinilar- 
ity of function or mechanistic pathway, 
and it maybe purely ooinddentaL Nev- 
ertheless, the idea of clustering genes 
on the basis of their expression pat- 
terns is well established and cluster 
analysis has become the most widely 
used statistical technique applied to 
large-scale gene expression data.'^ 

Although various duster methods can 
usefiilly organize tables of gene expres- 
sion measurements, die resulting or- 
dered but still massive ooUection of num- 
bers remains difficult to assimilate. Thus, 
another important component of ge- 
nome-wide expression data explora- 
tion is the development of powerful data 
vlsuaUzation mediods and toob. Ap- 
proaches have been developed that pre- 
sent clustering results in simple graphi- 
cal displays sudi as dendrograms, which 
represent relationships among genes by 
a tree whose branch lengths reflect die 
degree of similarity in expression be- 
tween die genes. Similarity is mathemati- 
cally defined.** The computed trees can 
be used to order genes in the original data 
(able such that genes or groups of genes 
with similar expression level patterns are 
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Figure S. Real-Time Polymerase Chain 
Reaction (PCR) 





A, Complonentery DNA syntheses from source mes- 
sengcf or toM RNA proceeds &s wHh tntfitkms) ro* 
verse transo^tase PCR. B, A dual-labeled ftuoro* 
genie probe (with a higher metllng point than the PCR 
primers used for extension) H annealed to (he target 
sequence l>etMfeen the forward and reverse PCR prim- 
ers. A reporter 00 fluorochrome (usually 6-cartxwy- 
fluoroscdn) Is attached to the S' end of the probe and 
a quencher (Q) molecule (usually 6-carbOKy* 
tetramethyl*rtiodamlne) b attached to the 3' end. 
C As Taq polymerase extends bi the 5* to 3' direc- 
tiont the duiMabeled probe begins to be displaced from 
the target sequence. D. As the Taq polymerise con* 
(Inues to extend, the 5' to 3' endonudease activity 
cleaves the reporter (R) molecule from the probe se* 
querKe such that Its emlsdon spectra (51 6 nm) are no 
longer quenched by the second (Q) fluorescent dye. 
Fluorescerwe b measured continuously throughout the 
PCR amplification In real time and te proportional to 
the amount of PCR product generated In each cyde. 



placed adjacently. Clustering methods 
can also be combined with representa- 
tion of each data point with a color that 
quantitatively and qualitatively reflects 



the original experimental observa- 
tions.'' Visual assimilation is then more 
intuitive. 

Data Archiving and Mining 

Ultimately, successful interpretation of 
gene profiling studies is likely to be de- 
pendent on die integration of experi- 
mental data widi external informadon~. 
resources. As multiple experiments in- 
volving multiple cdl types and tissues 
from multiple laboratory groups accu- 
mulate, data archiving may well be- 
come the watershed issue. Ideally, all 
^.daUi Jn a suitably standardized form, 
would be freely accessible in the pub- 
lic domaiiL Even assuming a willing- 
ness. tjD share the daU, such Utopian 
goals would require a user-friendly and 
powerful database system and stan- 
dardization of correction and normal- 
ization procedures such that data points 
from various projects become compa- 
rable.^' The National Center for Bio- 
technology Infomation Bntrez sys- 
tem (http://www.ncbi.nlm.nih.gov 
/EaxrezO does provide usehd data in diis 
regard, but current databases may be 
hmited in scope or computability.'' A 
major focus of infrasmicture develop- 
ment to support genomic-scale expres- 
sion studies will need to be in the area 
of electronic biological pathway data- 
bases and resources. 

CONFIRAAATIONAL STUDIES 

The development of more sophisti- 
cated analytical algorithms and data- 
bases will help lend credence to the bio- 
logical signiHcance of differential gene 
expression determined by microarray 
analysis. In the meantime, several stud- 
ies have begun to examine the sensi- 
tivity and specificity of microarray- 
based experiments. Sensitivity, defined 
as the minimum reproducible signal de- 
tected by a given array scanning sys- 
tem, has been reported for microar- 
rays to be approximately 10 mRNA 
copies per cell, which is slighdy infe- 
rior to the sensitivity of Northern blot 
analyses.**" " Specincity studies showed 
that for a given probe any nontarget 
transcripts with more than 75% se- 
quence similarity may show cross- 



hybrfdization.'' The problem of cbne 
misidentiflcadon and the need for done 
confirmation have also been ad* 
dressed.^ Onesmdy found that of 1 189 
bacterial stock cultures, only 62.2% 
were uncontaminated and contained 
cDNA inserts that had significant se- 
quence idendty widi published data for 
die ordered dones.^ Thus, the use of 
sequence-verified dones for cDNA mi- 
croarray construction is warranted. 

AdditionaUy, potential gene candi- 
dates can be assessed for nlevance to 
disease using paralld technologies. Sev- 
eral zuch alternative platforms -hgver- 
been used to bolster the importance of 
specific sequences first suggested in 
gene chip comparisons induding (1) 
methods at die RNA level, (2) meth- 
ods at die protein level, and (3) func- 
tional stUiUes. 

Methods at the RNA Level 

Reverse transcriptase polymerase chain 
reaction (RT-PCR) is a mediod often 
used to verify microarray data. Al- 
diovgh RT-PCR is not well suited to 
quandution, die relative technologi- 
cal ease of this assay and the ability to 
rapidly monitor multiple samples nudce 
it a useful technology.**^* Hybridiza- 
Uon data can be verified and muldple 
puutive markers can be screened in a 
short period. 

Several other studies have used real- 
time quantitative RT-PCR (TaqMan, 
PE AppUed Biosystems. Foster City, 
Calif)."*' Real-time PCR is a tech- 
nique dutt increases the quantitative 
ability of RT-PCR by providing accu- 
rate and reproducible information 
on RNA copy number (FIGURE 3). In 
this method, a fluorogenic probe 
Qabded at the 5' end widi a reporter 
fluorochrome and at the 3' end 
with a quencher fluorochrome) is 
annealed to 1 strand of the target 
cDNA sequence between the forward 
and reverse PCR prtmers. As Taq poly- 
merase extends the forward primer, its 
intrinsic 5' to 3' nuclease activity dis- 
places and degrades the dual-labeled 
probe, releasing the reporter fluoro- 
chrome from the quencher label and 
allowing the detection of a fluor^cent 
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signal that is proportional to the 
amount of PGR product generated in 
each cycle." 

Northern blot analysis is also com-, 
monty used as a confinnational tech- 
nique, as it is a standard specific and 
semiquantitative method.'***^'*' For 
mRNA expressed at modenite-tp-Mgh 
levelsi and for wUch cDNA probes are 
available, Korthem blot analysis woiiks 
well, but it is not well suited for bw- 
copy mRNA,**^^ Furthermore, only a 
small number of genes can be ana- 
lyzed with this conventional method. 

Methods at Pre:QSni:c::;r^ " 

DNA microarray technology is limited to 
the study of gene expression at the 
mRNA level However, it has been es* 
tabli^ed that mRNA levels do not nec- 
essarily correlate with protein levels. 
Moreover, the level of expressbn or even 
presence oTa protein is not t^tly linked 
to physiobgical consequences. An- in- 
vc^gationoonductedby'Wlnzeler etal,*' 
for example, provides a cautionary tale. 
Thdt study demonstrated that genes up- 
regulated in yeast growing in minimal 
medium did not prove to be more im- 
portant for growth diah genes that were 
not upregulated." They found only 2 of 
8 genes required for yeast growth in 
minimal medium to be induct. The les- 
son to be learned is that genes that are 
not dilTerentially expressed may be of 
equal functional importance in disease 
states compared widi those that are. 

Furthermore, the regulation of some 
genes maybe at the translational rather 
than the transcriptional level, which 
would preclude detection by DNA mi- 
croarrays. Posttranslational modifica- 
tion of proteins is also an important 
mode of regulation that cannot be de- 
lected by DNA microarrays. Protein ac- 
tivity, particularly receptor activity, is 
heavily dependent on phosphoryla- 
tion, for example. DNA and mRNA re- 
veal nothing about whether a given pro- 
tein is active, and can be deceptive when 
used to speculate about quantities of 
proteins. It has been demonstrated that 
the correlation between mRNA and pro- 
tein abundance is less than 0.5,'^^ em- 
phasizing that ideally. mRNA expres- 



sion smdies should be accompanied by 
analyses at the protiein level.^ Radio- 
immunoassay and immunohistochem- 
istry have been used in a number of 
studies."'*^ These techniques, how- 
ever, are not well suited to detecting low 
levels of expression, and they require 
the avaibbility of an antibody specific 
for the protein to be studied. 

The field of proteomics, the large- 
scale parallel anjdysis of die proteins that 
are present in a ceD, is devebping rap- 
idly, but has problems of its own. Pro- 
teins vary in abundance by many orders 
of magnimde wit hin a given cell, and 
thereis no PCRequh^ent for the ampli- 
fication of proteins. Moreover, protdns 
fold in many known (and unknown) 
ways that affect their functioiL The fea- 
sibility of the microanay analysis of pro- 
teins has begun to be explored. Antibod- 
ies attadied to microarrays can be used 
to bind to and quantitoti vely detect pro- 
teins that have been tagged with fluo- 
resccrn dyes." Skeptics doubt the plau- 
sibility of identifying thousands of 
unknown proteins in this manner.™ The 
diverse chemistiy of various proteins 
poses serious difficulties, and it will be 
challenging to find antibodies for every 
protdiL Thus, although it is important 
to incorporate protein analyses into 
expressbnprofllingstudles, current plat- 
forms are tedinically limiting. 

Functional Studies 

Confirming the role of a gene initially 
identified in a microarray experiment in 
animal models with transgene or knock- 
out studies provides a particularly pow- 
erful alternative platform. Transcript 
function, rather than mere presence, is 
addressed. However, diis approach is ill- 
suited for high-throughput conditions. 
It may be ideal for an in-depth investi- 
gation of 1 or 2 genes of interest, but it 
is not practical for confinning large quan- 
tities ofproAIing data. 

Conflrmational studies are useful to 
corroborate the biological signifi- 
cance of differential gene expression de- 
termined by miaoarray analysis. While 
improved databases and more rehable 
statistical models will help to lend 
greater authority to array data, alter- 



native ptatfonns can be used to assess 
the relevanoe of genes ftestidentified by 
array comparisons. It should be real- 
ized, however, that the altemathrc tech- 
nologies are not intended for large- 
scale analyses. Realistically, only 
selected sequences from the ^y data 
can be confirmed with other plat- 

forms in the short-term, a retreat from 

the initial purpose of the genome- 
scale investigation by microarray. 

CONCLUSIONS ~ 

Microarrays can be expected to prove ex- 
nemdy valuable as^tooU for the study of 
the genetic basis of complex disee^. The 
ability to measure expression profiles 
across entire getu>mes provides a level of 
information not previously attainable. Al- 
though complicated issues must be re- 
sohred, the potential payoff is big. Mi- 
croarrays make it pos^le to Investigate 
differetitial gene expression in nomal vs 
diseasied tissue, in treated vs nontreated 
tissne^and in different stages during the 
natural course of a disease, all on age- 
nomic scale. Gene expression profiles 
may help to unlock the molecular basis 
of phenotype, response to treatment, and 
heterogeneity of disease. They may also 
help to define patterns of expression that 
will aid in dii^dsis as well as define sus- 
ceptibility lod that may lead to the iden- 
tification of individuals at risk. Finally, 
as spedfk genes are Identified and their 
functional roles in die development and 
course of disease are characterized, new 
targets for therapy should be identified. 

Despite theproblems of defining nor- 
mal, understanding tissue heterogene- 
ity, making arrays comparable, analyz- 
it^ and archiving massive quantities of 
data, and performing confirmational 
studies in altenutive platforms, expres- 
sion profiling with microarrays stands 
as a truly revolutionaty technology. As 
we continue to delve into the possibili- 
ties, we wiU surely progress in our un- 
derstanding of current issues and com- 
plications. No doubt the ride on the 
high-throughput highway will be ex- 
hilarating. 

Author Contribution: Mi King and Dr Slnha both con- 
tributed to the conceptuatfiatlon and writing of thh 
•rtlde. 
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Proteomics 



Kathryn Lilley^ Azam Razzaq and Michae! J. Deery 



17.1 Introduction 

There are now numerous organisms whose genome sequences are known, for 
example Arabidopsis (Arabidopsis Genmne Initiative. 2000), Diosophila (Adams 
et al., 2000), human (btemational Human Genome Sequencing Cbnsortium, 
2001) and rice (Yu era/., 2002). The prediction of open-reading frames from 
Ihese genomic sequences has enabled the comprehensive identification of many 
putative protein sequences. These proteins can be arranged into three categories, 
namely those of known function, those with recognisable motifs and hence a 
vague idea of function, and those with no sequence similarities to any pro- 
tein (Gabor Miklos and Nfalenszka, 2001). Many proteins reside in diis latter 
'functional vacuum* which could represent as much as 30% of the predicted 
proteins. Determining protein function is key to mulmntanAi^g cellular mecha- 
nism. Studying how protein expression is modulated in re^onse to a given set 
of circumstances, such as infection, disease, developmental stage, senescence or 
response to drugs, wiU facilitate the elucidation of disease pathways and thus 
I»Dvide a mechanism for diagnosis and therapy. 

DNA chips (mRNA profiling studies) can contribute to the study of gene 
expression in response to a particular biological perturbation. However, die 
extrapolation diat changes in transcript level will also result in conespondiiig 
changes in protein amount or activity cannot always be made. Tb unrlm tnnH 
fiilly, we need integrated data sets from a variety of protem expression studies, 
providing information on relative abundances, sub^elluhv locations, protein 
complex formation and the profiling of isoforms generated by cither alternate 
mRNA splicing or post-translational modifications. Ptoteomics is the word now 
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conunoniy used to describe the discipline associated with the acquisition of 
these data sets. 

17.2 Definitions and applications 

Before anbaridng on an overview of die techniques used in die field of pio- 
teomics, it is necessary to define a few terminologies; proteomics, functional 
genomics, structural genomics and post-genomics are terms that have mpi into 
the scientific vocabulary widi alarming steahh and are used fiteeiy, and in some 
cases interchangeablyp especially in cases whm die use of such Ihizz words* 
is likely to increase the atteadanoe at departmental semmaxs. 

• Genome: A genome refnesoits the entire DNA content in a particular cell, 
whether or not it is coding, non-codiog, or is located either chrcmiosomally 
or extra-chromosomally. 

• Genomics: Genomics is die study of die genomCt interrogating the complete 
genome sequence using bodi DNA and RNA mediodologies. 

• Proteome: The pioteomerq>resents the complete set of proteins encoded by 
die genome. 

• Proteomics: Proteomics is the study of the proteome and investigates the cd- 
lular levels of all die isoforms and post-translational modifications of proteins 
that are encoded by diegencnneof that cell under a given set of circumstances. 

• Functional genomics: This is die study of die functions of genes and their 
int^-relationships. 

Whilst a genome is more or less static, die protein levels in a particuku* cell can 
change dramatically as genes get turned on and ofif during die cell's response to 
its environment The proteome originally was defined over seven years ago as 
<aU die proteins coded by die genome of an organism* (Wasinger et al. 1995). 
Nowadays the term 'proteomics* is used more widely and implies an efifort to 
link structure to function by whatever means are apprcpriate. We can expect die 
definition to diange again with time as the field and die investigator's view of 
it evolves. 

173 Stages in proteome analysis 

Proteomic analysis can ascertain function eidier by looking for changes in die 
expression of either all or a subset of proteins, or by identifying binding partners 
for particular proteins and seeing how dieir interaction is affected by biological 
perturbation. Whatever die rationale of die investigation, or die number of pro- 
teins involved, die study of die proteome can be broken down into die following 
stages of analysis. 
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«bUb (toy hofo ap|lbd tocooovf to ttaaai^fifcjefMiWf 

^ijf wofds' Gone capicnion pfofils^ Mteraana^* fkBtaoiBas 
Two-diAdBStoaal fcl'chctfopboieib: UmBattohutodwaiiitfy; 
Bladder caaoer 



^1* luopdacdoB 

II b DOW a little nore ihto 10 yean stoce the Hvdibd 
Gcaom Pivjon wat tauncbcd and doriag thia tchtivdlr ^ort 
pcnod of timc tfeeic liave tea maikaUe Bdvaacca to Ihc 
coastnietfon of phytteal aad gcnrtic mapt aa ««D aa Id the 
idcDii6GatioD of geaci asaociatcd with huono Amso {IJ^ 
Soos, tbe total sequcna of the buman snonc viO be dad> 
phcfed aod, bopefufly, nadc available to rocarchcff wotU- 
wMc for tbe benefit of wwnbmd. 

Uodoubtedly, the Huaw Ocooae Project hu paved the 
way to the revetuiten ia the life adcnoca that wa m capcif* 
cBGiaf today. Onidally, howevtr, itt fooia ii itafting to ibtft 
towards raactioiial (eoomia^ oa ana of the pet|-tenomfe era 
thii dttb with tbe fitDstioaal aaalyfls of gCBto aad ihor 
prodttcts («e the orticte by Oeffcav as thb toue). Tccbai«m 
of functionsl gniomia inchidc Bcibodi for fese cspttfltoa 
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piafifiag at iha trannrfpi fDNA snicraanays m «1» 
articb by Braana ud Vila fai thb bsvcl; dUlBcatbl dbplqr. 
(6); RsU aailyrii «f pa» upiMihu* f-^li toid ^oteio 1Mb 
(ptotomiBi) Qll^iq; ne abo aitfde by Asderwi aad Maaff 
b thb tau>X to wdD ju uaa«Rpdei |I|L pha«e dMay 
prondira fto m^ybis piottbb-pmicia iotcntoiOBS QISJQ; 
ne ako tnick.by Lesraia aad Sc^g to thb bsoe) aad bfofai- 
foimttlaPIt 

Aawn the tadialqaa of tortfaaal t rBom to bolb OKA 
ttlgeaiia|^ja^aBdifftiuuMtbgi<faOa8dpCTtwwririilt^ 

aad powerful (aea opeasioa pntfffins cechatqncs penult the 
aatlyib of the capiuito bvcb cf tbounsdt ef ftan limid- 
taiHtwiil^ both bi beatib aad digawr. Iben Cddtobla^n aia 
oonmtf namy, aDaw b||b4bnNt^piiv lod to w i niWn aUftft 
are capected to fcaento a vM ameuat of fese and proida 
opmioe dato that mqr lead to a better ndemaadlDiB of Iha 
fegidatofy cveata tovoh^ Ii ttonoal aod d bcato pioc mti i Id 
addition, then ircbnoteirn oflirr a systonatio appraadi*for 
GBOii^bf for dlbcthe taffto for drag dbcovcty asd diagaoa- 
tba. 

Hci^ we fovbw thacwTCBt aiato of DNA nriotoanaya aad 
pfoieonio aad b||^d||bl aoBK atodbe Id viAicb IbQf bava 
beco ifi^tf^ fa oDneert to tbe aaal^rfia of bhipvy t pe riHie oa^ 

r DNA uJuuaH a ye 

The amount or iDfMDittiQO that b scNv beoooiias evaOabb 
to reseaichen to the life admaea b ra p ledfn ifc aad cveo 
ihevih the tfatt caa te etoied to eoowcnttoaal laedb^ oew 
ncthods an bems reqabed to aaaly» fause aeu of ^aea to 
a hi|b>tbroaghpttt faaUoa. Per ihb pmpoK dto DNA aimy 
taebaoloiy waa developed. Tbe method anafca ft ponibla to 
eofvey thoisaads ef fcaa m paiaOd, and has weral aicaa ef 
appKotioD. Oet b eapreniea enoaitoriQB (IQ. to wbleb tbe 
traBK^pl levcb ef ^» aic mearaicd to diffeien't pbyttolftr 
ical eoadiltoaa both to cultofed edb aad tbsttca. to mrcb for 
lesutotosy capnasba pattemi. Uadcrstaadtog pattctBs ef ca- 
pressed gmcf b capacted to bapiewB eur bnowbdfB of MciUy 
eempla aetomka that areas oooununbate la hilhcilo im* 
boowD «ay«, both to .bcaldi aad dbcato. Another area of 
apptbaUoD b polymaipbbn ana^ |I9). la thbcast^ poly- 
moiphb icftona of the geaomeato acanncd to mch for liah* 
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Bp 10 diaasci, and lo icnil diMuc suiocptaMliiy gncs i 
or inhcritAd disease genet. A daibr approach hu bccD i 
lo onatria pofymrphic fcgioas of fcnewo gcma,^ in i 
to detoounc vbetbcr polynorphisms are associated with Id 
altered rvsdioa of ihc gmc pradvct. a feci that my iacRase 
ihc naeeptibOiiy to diaoK. Finally, various aticnpo have 
been nadt to utilioB DNA arrays for sequenong fM]. ' 

Below «c rrview the lecbnobgy curatly io oie for micrD- 
array^ocraicd gene exprouoo paUeni disDovciy as well as- 
some appScatioBS. Table 1 pnmdcs a ki of World VTide Web 
silo ibal censiia useful additional infonnattoa fne abo the 
orticfe by Bnnu aod Vilo b chis issue). 

7.1. Mmarrfiy tethnohgy 

Mfcroarrsyf are usually made by dcposf dOD of DHA spctt 
o'D a solid fupport liteji coated glass surf aoe. that dtficsi b 
. irvcrel wsys ffOfl» convcnUoeal fihcr-baied eupporta tacb as 
charged oytoa aad oiuooethtlosc. The Batntts of Ibc glass 
lurfaee roakes it possible (0 to array metecnlei la a parAlU 
rashieo. C") lo niniecuftw the procedure and to use 0oo- 
nseot dyes far detectioa. T1»c b oo diffusioa of the appUid 
matoial iaio Ibc support, thus allowieg focusiag for lasv 
Kanoiog esiereseopy. 

T«a nnin proeedurcs have bm used to produse DMA 
d^ps: photdithograpby as dlevdoped and ouiielad pilmQy 
by Affymttrix lac (Santa Oarap CA, USA) P0l2)) aad na> 
chaidcal piddiDg fC). Pheiotilhopaphy b «^ teava la the 
cottipuier i^p industry and oiOiaea aa nitraviolft tight somee 
that passes throqgh a rauk that diicfts (a a step-wise eaaaaer 
where a photechcmical eeacthin (dSgaaueleoiide qfothesb) 
takes pfaMc oa a silicoaiBed glass aurlaee. The mask caa be 
p r od u ced with epeaiags as saiall u a few i 
lag a dCBtity of «nral huadretf th o nsa pd pmfcea | 
eeatimctcr of glass. Ttoc b, however, aa tahsseat tmph ca- 
stiieiioa with this in situ syothcab tedkatflogy BaUag the 
pr»batoaboiri25eucfeotidcsiatflaglh. HigMeasiqr asiay^ 
on the other head, allow the use of multiple probes per fme 
pO], 

Meehaaical gridding esecbodls are based ea fak^ or ^hyo- 
ical deposition of the mstcrial nsiag pias laaaorectuied whh 
very high piudsioB. Ihcrc b dircd surfaee ooatact aad Ihc 
transport of saall anoants of liquid makes these qrstesas 
fuseepdbk to evaporation aad eonnsoinstion with dusi par^ 
tidei. The grfddiag fnstrumenu nse an XYZ mortoa eosrlrel 
based oo sup enginea chat csa be eoatroOed drith very hb^ 
precbion. The DMA comaiamg amteriaicaa be spottad from 
96 or 1B4 weD plata to glas fa pirdrfinrri paiteias. 

The arrayed probes caa be oligqi (photoUthofraphy and 
griddbg) or cDNAs (griddtng). The hybrUbatioa rcaciioa 
eottditioai are quite differeal ia the two casein and specasi 
sample pieparations arc eaedcd to optimaUy uttlim them 
probes. With ihorttr piobcs. i.e. of 20-50 audcotidea, the 
sample- b fragmented to avoid tertiary stnstuics and to 
achieve opthnal bybtidimtton |I8«20|. Polymense chain rea» 
tion (PCR) amplified probes of 301^2000 nucJeotldes usually 
do not require fregmcntation of the saoiple |29]^ 

The type of glass used u support the coaling substance, 
the oovpling icehaiquc, the bbeliing systcn^ and the fluorcs- 
ceni labcb used for detection arc all variables Chat must be 
optimised. A eumbce of coating snbsinnccs are eommercially 
avaibble lo immobilae ONA to Che soffaec. TWo typea of 
elides arc available thai ok a coating procedwc desi^Bcd 



for printing of Bodar tsodifiad DNA: these include (f) s9!f> 
Uied didca. which camaia reactive aldehyde gsavpa that Rga 
with aaiioo^otva via a Schiir bug fonDgtioa aa the pristed 
DNA dries oa the sarfasa of the sSde (avaOaUa fmm Tcte- 
chBB loc CA, USA; GUI Assaciata lac; , TX WA: for 
gaining cfwabiry sec hii|tffenowMrayiiMnitaiicioainqh 
coupliQg9 aad fal aoivaiad slides prcpaicd by th» eovglcfii 
gttacbgiCBi of a bydrophifi^ palyncric amjae luAiwe caitiBig 
to silaae baMoaled tfdeg«s dBtcribed by Beicr a£d Hdboscl^ 
P4| (avtibble from Sarmdba Inc. MS. USAX Aabfcaadi- 
fisd DNA attachca cofvtfeatly to the ( 



Three other types of slides an 

in mc sabf aas faam^Wtotioa: chcae cachide Q sOaafaed slidcB 
which carffy[^Bviilmt|y atiachad .primefy amlaffs aa^ tlie ^sui^ 
'ite that caa fma foaio heada with the phospteia badfeieDa 
at aeutral pH. In additfoa, the tedical-basetf caoptittg betemen 
ettoo oa the DNA and carboai oa the alkyt 
t of Che aahsttate can be iaduaed wHh UV or hcai-Qpio* 
vIdBd ly ea^anba Ska Tdechca lac. CA» USA; Si^ 
Attrish, lae^ MO, USA; Oarafatt lac.. NV. USAIi CO Bliro. 
crihda»«asBd pohmesveoated aHdo thai pesscR dha Madini 
aad lauBdbBiBtfoa ps^penies of tdtroceBuloaa Chat Wads 
DNA la a saa^avalni bsi bicvcstfUe i 
aad Schosm, and (PO pdltr*tysiao«oaCBd slida i 
UV crosdfadtfag of Cte DNA (svaaabb from Sisva Alfttt 
lacL* Ma USA; sea abo hl4ita^pD4taaford«Mk'bso«Br 



A 



riAe4|nBlr>hwr4 

■I eosen two or three osdaa of i 
I is oflea Beaded to dittci low aad high copy i 
I oa Che game an^y. la casea where ihb b BOl | 
t to nay bb aaeeasaiy to ooui the ddp at ( 

lap of'che bound sample [2^ la the taner caai^ Che fliii 
naateg b cairied oui after ^yhridbacioa of Ihe MeOad aatt- 
ph; aad the sseoad afterieactioa wbh Che t ' 

ia each seep of the proeedvrs^ aad I 
to picte to dbtahs icliaMa data^ Oftea, a staadaid sasoqple Is 
» vrfth chn eapertmeoial sampb aod lUa may 
for diftbenccs ia hybridisation from probe to 



7. J. Su 

Coav«bonofdatai 
fraas difliereat laboratofffea i 
A0ynaccria dbips aad lha custan tagde cDNA cl4p I 
cat flsethads for atsadasdbatfoa. The Affymetrfa cMpa I 
.appmifanatriy 20 prdbca per gcae and staadavdtetioa h d- 
ihtf based on Che caprcsdon bvel of seleeied gnm like actin 
aad OAPDH. or oa a aetting of che ^obal chip f attaAy to 
approsimately 10 uala per geae on the dUp. la Ihb way. 
jEhip data f com diffcnBl ggpcrimcatt caa be cempascd CO each 
odicr. la ow haad« che data dbtahnd prflh the two standard^ 
iatioa methods dilfcr only by approaimately C0% (un^^ 
hihod obsefvahoas^ 

'The custooMnade cDNA or oUgo arrays also foqutre mth 
dardbattea, hot thb b a oompica problcmw la gnBsal the , 
I used oflea tfOacis the purpose for which die assay 



was produced. For cxamptc. for apicnioo mealtorinB of 
brtait caacrr cells, a nuture of brmi caoeer cdl tisct my 
provide • good suodaid (ZQ/ Today, bowcvartheic b oo' 
goMcn suDdard ifaii can be uied for all purposes and as a 
rcnilu it b diffiadi to ceinpaia datb ffom diffcrcDi laborato- 
ries and often it is oacessaffy to use other Ccchaoloipcs svcb as 
Noflbcm hybridiatioa, icaMime PCR or ioununestaiaiog to 
validate the cignab. A imaimum rcqoiioBCBt b that labon* 
tories thai produce arrays ihn&selm sbouM be aMeto iipvo^" 
duBB data ffon oac cbSp gefteration to the mt band on the 
asalysb of wcll^cfiocd coatreb mmiag dtlfutai gases aad 
cipicssioa levels. In addiiioa. H is commea to use epSkiag of 
samplci with bacteria] genes that bybffdin to probes, spoiled 
for cootiol Rurpose on the amysf. 

2J, Sanptofor tx^aslpn menSioHng 

Tht aaaiysb of ralaiMly bomogneous ceu'fopulailoaa 
(dooed cell KveSk yean, etc) has proven mucti dopier than 
the asaly^ of ibsut btepstea as the taller often contnin osay 
cdl types <cpithcG^ codethdial. inSaounatoiTi nefra. eauscb; 
and connective dsiuc ceOs) that ara pirimt in vaiiabte 
amounts. Staadardiation any leqVbc nioodbMClion of. 
the tissue to isotale specific cell lypa [HM allbougb the 
ovniber of oeUs oeeded for the asray b wcQ above a miDieB. 
Stttpling of apeafic cdl types vtiag tucr capture a auu d Uta^ " 
lion (104) fM) can be a timfKionfunilnjg tndk. and ^vm that 
oRNA b prone to dcpadatioa the pmesBng iinc nust be 
kept to a okiaimam. If only a amaU anoaoit of oBtciial b 
avaifable, then a levcoc feraoscriptioB-fCIt step b oeceaary 
for amptificatiott, but «hb adds an addHtoaal ODnpSeaiion 
doe to the bck of Uacar ainprificDdoo of all traascripia. la 
ODC of our tabontofics we have used ptepantioas cf nagb 
cdl types froD tuinor biopsies to standardiae poo&ag of aam- 
ptes for geecratbg profiles of gene capiadon at diffmi 
stages of tumor devetopmcnt (osnutcript in pfepuation|. 

2 J, Shii^cmaUc mafyA of apftitiot^ dam 

2.SJ. HUrarMeoi tbttur atgoHihma, Kcnfchbal dusicfw 
log algorithms can be divided into two ttypes: agglomeraliwe • 
aad divisive (Fig. I> P0|. Tbc agglomeratiwB method b a liol* 
tommp approach, whcra the algorithm starts «ith n sepantt 
dnsien (for oampte 4000 geoes, wfccra oa^OOQD and soceca* 
tivciy cembinca chisteii unia only one b left The dividvc 
method, on the other hand, b a top^doam approach sianbtg 
wdh one c^usier aad sacaBsivBly apUtting cfaottn to produce 
othtn. The algorithm used to form the dusicn must also be 
defined: two widely used and simple algorithms are the dagb 
GnbagD and average Ibltagc methodic fcspeeiivcly, Staglt^k* 
alto calbd oeaicst oe^bor, deflaca the dtsiaaca bciMtt 
two chiAcn as the mlaimum dbtanee over oD pabs of chutera. 
Average Unksge takes in constderetioo the avenge dbtaoae 
ovaaU|30]. 

A distance matrix most be calnitaicd befora chotcriag b 
poformed, and it b the dbunecs between the obtained |ene 
cxpmrioo profiles that are used to form the actual ehisters 
PO). ObtervatioBS wiUi small dbiaaea arc powped together 
as dcKribcd above. The two most commonly used distaaee 
measofcmcou are ttet Budideaa diaooea and the tarson 
corrctalion coeffidcnt. 

Eudtdean dittSBce : ED'o tAJTo-lii)* 
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f^eartoa cortdatioB coe ffi d c ot ! 

iTtt b the flseaswcmsarinr thr Alb variable oo sam^iii vait 1 
n b the vartanaa of the Mb. variable |304ll. 

XSJ. HoihiaaeftkkttS thattr mlgirtikmM. In ooi»4^ 
aichled duster ana^ytb it to assuaad that the data caa be 
divided ialo a csmla mmbtt of dusm and thai they on 
wdl separated. Tha advuiagB of ihb ap^ioacti b chat larga 
data seta w be ctastoed much faster than by nsttg hbraichi- 
ral dustcflQg btftiw 0 low onBibcr 9i dusiaiv b afijptpd 
The most oenmoa aBcthod for BOD^dcfvtdikal chisttr aonl- 
yds b A^BCtBi. Hovcw. • lasthod tenond «lf««rpateBd 
maps <$0M!> baa iOBMly beea applied to nprcadoa data 
generated Grora DMA cMp arrays P2»53}. The fc-raeaai meth- 
od (M) identifio ft polatt that funcdos as duster ceotcn. 
Each diu pelnl to thm assiffBsd to one of these centen in a 
way Chat r''""**'-* the sum of the dittannrt bctwees all 
painta and their oestoa. Ihaat it b the diatribolioo of prints 
that daefafea the vahn of the neaits. One dlawbad^ of ihb 
method b thai« spcdfic oumber of dusicra to asdgacd. as 
the aumber of chnttf* b vaaatty ooksmwa to laip diai 
sets. SOM b stflsQar to the ft-meaos opproacb, bot It has a 
geometrical cBa0fUfstiqa aad the trambcr of oodm pradefiaa 
thb coaflgnratba. laMally» dsra pointt «fc napped onto the 
gcooBrtrial codlBasadcB. Wbea cfusieriag the dato with 
SOM the poddoD or • oode nlgraM to fit the data points 
during suscesdvo bention PU3). 

2M Sl^fmu^d^agimttn. Oomaea lo the dusicriog 
methods m which ormr data art omd to that they an unsu- 
pcrdnd/Uk so luudeflned reftrcsoes an koowBL An 4ltBr«a* 
dvc opiien b to oooatrvct a supervfaod dastifteadoo oadhod 

for Jum^ dka fcfbma emdd be the ^oe opression pio* 
fltes from ooiml aad tawive tumor dssac. to thb psnbHlar 
cam. a vector i^resendag genu oprassion o«o It geaca caa bo 
used to dcseribe each dauc P5.36|, lo o neent asdeb by 
Ooh^ aad oo^ oi teiB the anihon aaalyBed tt tTgenm 
ttsmg 38 bone nanov sam^tes^ Biased on these SI sampba , 
thqr fouBd dial o vector baaed on 10 aad 20d genes was. 
cuScbnt to dbdngotoh between acuta myeloid bukcnto and 
acuU lymphobtosde leukemia. Tlmn the authora were abb to 
oottSttvBi a casner dasdfier based oo a low ouate of 0sesL 
Udag a dmHar voctorbased dasdfier approacb. Brown asd 
eoworben pT) aaOlynd M7 yeast geoea in 99 diSienal ca- 
pcriments aad wert abb to dasdfy ganes bito fUactionBl cat- 
egories bsted on the caprosioa data from DNA diip anays. 
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Appliaiionsc/wrafs/oreMprutmnwiitvfing 
One of the QuiB trtau for amy ap^&atioa is in iht amti^ . 
uncoui moBhorins «f ifaousands of imsbripu b dilTotol 
biotopcal Kiltop. Tbc tppftoacb b bong incd to irfcotify 
new ttttwofks ond to undenuod pattcms of npitssBd gBiOw 
A number of ortidEs have been published usSfli the amy 
ifichnolofy aimias oi idcaUfjrinc disate*asscasicd altmiiotts 
in bnmaas. Per this purpose cKniGal amplOw bunao cdl Una, 
and ia a few cam asima] modcb of hiauo dine have beeo - 
uifld. 

Ceng €Mfir€mn prdJSHng of tltmt hi9p$ia, erf/ Aier 
.antfoi£nalmad!r<ro/dbeaic. 2.dl/./. Tbrur ftlotprAx Ocoe 
caprcuioo siudics oo c&aical nmpia have been perfomed ia 
bicul asd cetoD caaosr P6.3I), as well y ia athffOKlcmb 
P9.40). CcQO of pftsumably koowo fiiBcileAS have teea 
idcatiEed aad Imbed Co the discaica; omt of these data aic 
now avaSable m the tutcnMeiXf**"^ !>. In a tlody of bicafi 
csooer thai UEcd dinkd ip e dmem aod cell ttae^ with aa 
amy ooataiomg appmunaKfly 5000 gioMVp Pierott and «ol- 
IcBfua [16) idcotifled a prottfcfatioa ictited ^ae dosicr b 
the cell Cut that was uprcgufatcd io Iht oioie agipcssivc cSa- 
ical breast lunor tprrrmms |16). la a simitar sMy of cdlan 
cancer based oo the AffyDKiria anayt, 49 BSlS bomolovm 
10 riboseoaal proteins vac Coiiad to be tBStgatattd b the 
tumor tlBue HQ- In this study* • Qusele bda was used for 
CDffvtiqg l»r the stroBol conpoBoits as this diowed • 
bdca b ihs normal biopsiea. Both the breast and the odbn 
caaoer studies laAwl a comtotton bcswoea geae aapfcsstoa 
levds b the cdl Kncs and b the dfadcal spccinena. 

HufDaa athomdcrafb lesions froni arterb cuods san^ted 
froiB paticois oadcisobg surgery havn nfan been aaa^^fsed 
itsiag the Afl^rmetria opirsioo arrays One impoitaat 
findbg was a Bve-fold iipfe|;oUUoa of the catty growth f»- 
spoase gBDC C^U a DNA binding proteb that bBucaeb the 
traascriptioo of gtno encoding ^owth factois^ cytokbe^ ad* 
hesbn aBotectfle^ and proteins related to eoagobiioa. This 
Aoffing was conoboraied by bmonohbtochcanitry and aa^ 
nal c^perbieata^ aad idcndfted Ep^l as a posstbto taigd br 
thcnpcuiis lutu vuittoo* 

Z&M GrO ttux Several scudiea based on cspicoton 
Boaitoriag have been pcffotmed b boman ceil Ibcs b areas 
as dhrcTse as casecr f4l|, ephthafannbgy H^l aad the ocntnl 
nervous fyitca (43). Anaya have abo been nscd to stcdy the 
effect of cytokba (Interferons) (44), cyiomegabvbui bfotien 
|45], and oacogeae transfeetion (4Q on the ovciaO psttems of 
gent opitssten. In one study, human foicSkb fibrobbsts 
weir infected viih human cytosHgabvinit and the csprenba 
of approumaidy dOOO ynes was monitored for up to-24 h 
(45). A tout of 238 fCttca was found to be vprfgubled more 
than four-fotd. Ihesc bduded HLA-B (uptigubted sb-f^ldX 



a protem that proteeu agabst cytetoafe T-lym^ncytcs; ROf 
SSA (52 kOa prolan bRNA; upmgidatcd i2-rolft a com- 
monV targeted nuieaaUseB^ u wcO aa several components of 
the patliwny l^u produoe piostagtsndb E2 from arscbidonic 
add. In another sind!y» it was shown that .ticnoncnt of the 
bnman fibrosvcomn ciU fina HT 1010 with IFKs o. P aod 
7 roottcd to the upicgatatbn of nnvd gena implioated to 
np^tosb <RAP46. Bag^K semnbtase). whib giws like 
tOF-2 and ZoTO were stronily aownrcfobtad |44)i 

Hie effect on gene c^pnnion of the fBSbo oaco^PAXS- 
FKHR tiansfecttd toio NIH m cells lias nisp baen studied 
ttsbgiDicrearrtyt|4q. It was shown that the fiuioo gens; but 
not the wild type oomrel was abb to aciivals o myognb 
transcription progrnm that bchidcd bductba of • mmbcr 
of transu^ptton faems such u MyoD. myo^Bb^ Stal, and 
Sbg* 

• lA/JL. Mmai nudW ovfona A - common appmacb to 
the sittdly of human discasm b to ttm anfanni omdd syiians^ 
Ws has bsen dnne fbr n nnfe of disenses tedading cacephn* 
bmi^opathy. tymphcBBa, mal tobuli (2||, aad lung fibmb 
(41^ In the bttar cas^ Al^rmeorb chips woe probed with 
pooled samples obtained from groups of an ntwnalt to reduce 
varfoibm and ^post* Ttanscnpts that wcro signiflcantly alteied 
b tang Chio» (41] indnded cKtraacOutar nub and bflam* 
matory rcsponm genes. Anallfsb of cbotc m contntata g them 
gcam b a tbm ooiaae opabunt wUb the SKIIf'lRB ntO 
3wO piopam icvcabd diffcnmt tsmporal patterns of cnprnmbn 
that farther subdbfded them geaea. 

* 7.dLy. rosfeafsgr mid dfu$ usHifg, From a toabobgicnl 
pebt of view, 0ere am gnat capecttdons for cspmssloo tnon* 
boring as the cffem of drop, both eapecied and mdoicsmn 
side cfbcti^ can bc.moaltoiod to awtmnb and cveotualiy to 
humans (4g^ One probSem that has nrfaeo tftom these 
studkik even to quHa datpb model aycicaiai b dis ofb^ 
unriplafned <haa«o to transcrfpt levtU observad. These 
changes am 4iufle scpradttcSbte. snggmibg n mnib mom coa>» 
pba tcbtiomAlp arooag gene products than pmvfously 
thought (40. 

The eombtoatbn^of gtae cipicstfoa oronitoibig aod tnting 
of drop 08 cd) lima nnd b animnl modeta boMs peat proo^ 
ba. A reeeni pubfieatien thawed that the varblion b the Ihcr 

aymei^ ghnathboa '^ regidatan; OKA repair canymcn heat 
shock proidns aod bousefcmpbg genm b larger among Indi- 
'vidual nmraab than that btrodueid by the array usy bself 
(49). Ttae etudim rovealed the upmgtflatteo of nrtoehramea 
cvcnat towdosmof^^hthofiavana toeatment and Showed 
a good cerrebtioo between the amy and Northen hybrid!- 
ation data. A leeem aaeemng u^g cDMA nkroaiinys of 60 
human eeO finea used by tite National Gsoem lanhutt for 
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drag diseovciy, ttu fomed the tons for csuUbbiog « data- 
•basc that cao be tiokcd to gBoe opitttion data and fflotailar • 
phamiacolear |4I,S0). 

2.6J. MoUaJar daufiml»n ^iittasu. OuBfiatioD ef 
discaw cao gcocrally be achieved by class discovery osd dots 
picdiction Class ditoovcry refers to the idcotificatioo. 
based oo gene eapiessioo^ of picviously uoreeopwd sub- 
typo of the disease. If dmial foUow-up oatcrial a avaSaUe 
these classes can be rcialed to tips and aynptoax diieasie 
coufse, ocanoent ooteomc. and loertaliiy. Qass predidloD 
itfen to the absUiy to ass^ a partindar patieat to aa alicadr 
dcfiocd ctaai^ based on laobadar csamiBatiob of the dtseased 
tisue Of otbcr specuncMi 

Two reeem cusnplcs have doDoasuvtcd the power of ca* 
picsrioD arrays to classify bcoatologial oiaSigmcia. Id oac 
„ofjh«3e ftudtcs, Icukeoias were cSasnficd es AMLoad ALU 
repcciinly. based od SO 00101 KlcUed froa an array cartr 
log 6S1T gcBcs. lo this study, 16 out of 38 patScDta were 
coneetly daoified. and two were oaecrtaia The SO fEttca 
used in the array tachided come that wcfc koowo Co differ 
bctwen AML and ALL, as weO as oev marbaa PQ. 

Another eiudy ctaisifled lynpbonas bto two Botc»> 
olaily dinioo dasses that lefleettd difloent atagcs of IMI 

* diffcrcaibttea, the genniaa) ceater-fibe and attivaled B«B 
Gke'lyinpboma groups, rcspectrvely. For this study tte tyiD> 
phodhlp oilooamy froa Rescaieb Ocoetha , wbfcft boMs 
178)6 gmcs. wai ustf. Fottow-up for 12 yean ibowed • sir * 
aiacaot dtlTercBoe io survival among these ^oops Pl). 

b b cavfisagnd that global eonrcyi of geoe cipraioa «Q1 
Mcntiiy maftcr gcBO Ihat.may be ased to poop pattatttoto 
motBculaify rttevaot caccgorics; these flhaiten are ciportad to 
greatly haprovo the predrioa and power of diaicOl triab; 

2,7. Cdtttiostoits 
Tbcie is no doubt that the manye paraUd geac caprusioo 

• fatformtien gnioatcd by nteroartayf will have a m^ to* 
pact b the discovery and usdotianding of patterns of ca- 
prcased gncs. lo addittott, the teehaotoflf is opeeted to gco- 
emte novel and effective tai;^ for drug dbeovcry aad 
provide, in combinatidD with pnoteomia^ vahmble toob Car 
the ortiie proocu of drug devetaprocnt aad evaluatioa. 

Ont of the main ehoUoigei we foresee io the fbtura will be 
to solve the proUens posed by the aaalysb, iatapretatlon 
and Boeen Co the targe amouni of Informaiiea that will be 
gencnted. Large itudie of ESTa haw not bsen puMiihed yet 
at data analysis icquiica the dcvdo^nent of new bioiafor- 
inaiic toob that can deal with che'buge ameoai of iaforam- 
,Cton that is bring created; ThcK stufo arc ea p rvtwd to tdeo- 
(iiy orw genes of impo rta n ce to specific blota^ifeal pfocssse* 
and reveal new regulatory paibwayt through the ana|yds of 
Che eipiessioa tevds of individual BSTa io large manbera of 
samples. 

lo dtt future, coupling of cipicssioo moDtioriag to cmna- 
genic animal models may prove to be quiu tewaiding «s the 
global effect of a gene knock-out or knocb-in can be oumi- 
tor^ with CMih microarrays and protcomics toob |I0}. 

3* PretMOilcs 

A cemplemeniary leehnology to DNA mieroarrvrs for 
monitoring gem eaprcnoa is provided by protcomica. a 
term gcncnily used Co encapsulste aO of the tccbootogy our^ 



rcBtty avaOabtc to aaalyu global panom ef grac caprcsioo 
81 Che protoo Icyd. ftctm art frogyctrtjy iba fuadtonaj^ 
nrnteculcs aod, cimfoic, ihc moil tikdy co leBea diffotboa 
iO'0Bie opitBleii. Genes may be present, ihcy may be ibis- 
caiedL but they are oot neocssar3|y trinsonbed. Some m,m un - 
gm are oansedbed bat ool tnafbCed. 9ad the iramber of 
mRNA copies does not Beecasarily itfie^ Cha oimiber of fuB0> 
ttonal prciteb moteculfes jfS^ la additioni. protaemics ad- 
dieaca problems that caaabt be approadhed by DNA godly- 
si^ BseBclEy, tela^ abundance of Cha proiebi pndiict» pott* 
iraasliiioaal modifica]doo. tttbcdidw localinliea» tumowr. 
hnnudpa wiib other protdns as wdl as ftustioaal aspeda. 

Tbe protflome has been defined by WiDdiis and ooDcagva 
OS lbs cBBplctB set of protrin encoded by the feoeaa fSJl 
aad lecntty. Ihe teno has been broadened to Sachide the ms 
of protdbs cjufsue^ both ci g gc a? and cbu. jfbsce fiC3 two 
mdn af^ioasbea to psotBoada: eao b die capraadon modd 
b whbb an proieiaa aie anai^ysBd, and the olbv b the odi 
map modd in wbicb od(y a mloeied cn of prdtdaic fibe ooaa- 
plGMS aad ergnadba. arc BCodted ISq. 

Tbs piuteumb technology b complex oad caiwpi is M a 
pbtben of sfiste of the art tecbalquea to fcsobc (high roo- 
hidoa two^rmtoaal gcbk ^oattitate (pboapborimag^, 
spccU saanftX idcniliy oad^faametcte pratdaa (nbroao- 
qucndag, mas fpecbvmcCnrX Of vdl OS CO ttoio <hs»dl|^DBii> 
dooal p0||r»mybm£de gd dectrapbemb {SO MCtt) dam- 
bane: ht^r/VWobasddUqgftbMdb; biip:fibipavyAeuirjdi/ 
epmt/kprot4op.btmD oemmnabBte and foterlbb proceta and 
DNA scquera and mapytaf faifoimadoD (btebfonaatia) 

pa,i2^5-sq 

the vcftibctt of Cbe 20 PAGE lecboi^ for^ bi gr a crio 
protcomb ptif)ects depends very much on tbe aomber of pi^ 
leins Chat can be icsohed b a compba protda mixCDm, fbr 
ttam^St a human odL notfloam pr^le dam from a few bb- 
omtorioc bdudbg one ef oiv own, have Cadtated tfaaa only 
a fraciieo of the bomaa ^nim am switched^ in a gluca odl 
^ BttdestensNcandyds of wbobeeOcalrasti^ orgaadbsas 
wen as partbQy purified sobeeUubr fratdooa, auggert Cbsc 
mdividud odb m«y oot epiem more cbao 6000 primary 
treadatien prodnctt {591. To thb sante eoa haa Co add 
tbe pett-Cff fwlf Tlff**f I prooesBog and Ttitifflrtl nofificadana 
(phospborybtfoaw g»co<yb ttoa . dcmctbybtioB. acstybtlen, 
myriscoybtbo, pabaltoybCioa, salbtioa, ubMbstioa, ctcOl 
the Utter being votber oonusoa aad cxtcmSve in canny pse- 
aebs [eOjSl). Ibtts, as we stand today the 2D PAGE taBbBd- 
ogy is eoi abb to resolve and dcpfas b a dogb 0d 00 ef the 
protems thoughl to be present in a mamamfims o ft 

Cbncatly. there b a yreat deal of btmot fo pr eteom to as 
applimtbat of th« caebaobgy am aapamod to reveal gene 
legubdoo ^vi^i-'f involved b diseam prapcmlon as weO as 
potcndd largcb for dmg dtsBomy ood dbgnostico. Merc* 
over, the cedmotogy b boiwd to have a gmat fanpam to agri- 
odtun^ testoology nnd the indttstry io genesol. 

JLI. iVoreiii jspmrioii: lAe 2D PACE itthtotvgy 

For the past 24 years* high msohitioa XO PAGE bu bM 
the technique of choice for endydng the protdn oontpodlfoe 
of odb. Ctoum and addib as wdl as for studyiog diangm to 
globd patcons of gene eapressba dicimd by a wid^ anoy of 
effectors (12,61-64}. Ibe tecboi^ue, whtcb was origmaPy de- 
scribed by O'FarfeO (6S,6Q aad Klou {S9l mparaies protctos 
both b Uims of thdr isocbclrb pctet (pi) and molecular 
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wdabt tnd piDvido tite Ms^m moturioa for proidD inalf- 
tis. Un»nx. ODC chootts a mdHioo of inUicM. for cuinplt 
the addhien of lenun to ooD<^cicDtiated humaD .kentioo- 
cyto, ot compsie eonaal asd liansfonned cdl» (Fig. 2A»6>, 
wd let the odb rmal the global protein ropoeae as aO de- 
cocted protcim cao be aoalynd both qualhativdr (poit4nUB- 
tational modification) and quaotiUthrcljf (icbtive aboodaoo^ 
c^fdtoated eapienioa. Fig, JQ is rvbcbo to taA other 
a35.6J| and lefatBCo thcscio: oe abo http-7/Wob»B,dkf 
Cgt-bin/edis). 

For many yean the 2D PAGE tachDolofiy itlM oa ihs uae 
of earner ampbolytci (ampbottric conpounds) to cMbKsh 
the pH gradical, but tbd techoiqite has pravcA to be diffinat 
because of the bck of itproduciMlhy created by uBOoatral- 
table varisiiooi b the batcha of ampholytes used to gcocmtc 
(he pH padienb. Lately, howcwsr. with the totradurtloa of 
famDDbilind pH padieats (IK?^ (69,70L which are {eicgnl 
pan or the polyacrylamtde rnatm. ii has been poiq*bts to 
obtain focusiDg piitcrm that' can be easily icpr o d uo ed by 
the ooiHcxpcft. tPCi avoid some of the pieblems associated 



with cBfffkr amphotyta aucb ai cathedk driA and i 

cis. alhnr a Uifar loatfiog ciptoily in o uauyiay 

acdprowdeinofascdchaigewaohittoawhennanowpHgw* 
dicott (OjU pH uBitfcm) «ic t»d ^.7I| and rcfbcoecs 
thcRfeX In our handu bownwr, canter aoBpholyiet (l.S-10, 
Tig. 3A) and bmd fuga IPOi (Fig. )B) Rsobne iWtar m»> 
bo of (''S^BcChwatDC bbcflcd t ail i piplido (about 2508E> 0 
Bhistiattd with die vpamttao ofwbols pnrtna caincts fiom 
bicSBd faumaB hcfiifooeyiea pa|. It has b» pt ysad Am 
OBfTOw mge; overtappii^ IPO ^dicao irtewod tido-by-M 
may provide a sohiiioo to the problem of fcsotving oftd dO " 
pidtag the protcoma of a gjvca ccO type. Raeant^, bowcwct, 
Cbrthab and co-workva fBimd this tohitien aomlistk, as li 
wtD nqulit the nraniog of p hvga Dumber of geb |7i| 

Voy basic ptrf y p tpd d u have proven difficult to loohe. 
afihoqgh both carrier ampbolyto (aoivcquilibrfiim pH gra* 
dieat cfaAf«>phoicsis. NEFHOE) (66,73J and IPOs (^11 and 
4-ID(f7q and icfcfcs.ecs thcfmo) have b«a showo to opa- 
ralc baric pioteiAS- 

One of the most bnpoitaat steps io the 30 PAOE tcehnOI- 



3l N9D-cu}(wctf aoiBBl bmau kcnUsacyu pfQU^n a^Mted « 
uc iafoted for itfuiiw. B b tm PjcllqnA al (111 

ogy coD€Cfns vin^ prcpantioo a vety oftra some piotdni 
canoei be property dhtolved by the lydi lohxiion origioaQy 
(IcvelopBd by OTtncU t65). TbnK tlurc la picaios Bosd to 
develop pTotoeob for ^timaias nnpit nhtbHialbs. 
wBfds this un, RabUloud and co-woikos havv aaade iob «f 
the hiflib b»diag tApadtf ef IPOi to itaohc ONmbfBns pn^ 
tnu fpr stntdural ana^sb^ uid in dobig id haw faqpfowd 
Ihdr BluUUty by ushif a cemttaatioa of 49apaU asd cba- 
oiippct f74,7^|. h has becD 'ifcova that the addMoa of iblo- 
(uca, CHAPS and VDUbbOBia nafaccmits to the fyris nAstioa 
coBtahiiiis urea rcsulu id a miBb (mpioved uhibQitttioo as 
ivcO as tmnsrcr to the iceosd d uatai io n SDS ftL As far as 
ondcv pfOtdBS ore co aatrc ed, 06i% aad cDOEOgues have 
improved oooddetably the ccpantieo of voy basic pretcias 
by fiiit piedpitaiia( the saispks with netoss prior to s6hibl> 
Gatioa Id the tytb sotvdeii (70}. Tbe probbni euodsted 
with the citrectioD of tissue Maples, on the other haad» on 
much oioit eom^a aad have not been addressed yet hi a 
Bystanatis laihioo. 

J. I./. D€»9tiicn. An nDpoitaat Uaitatioa of the 2D 
PAOB technology b the lack of very scorilive praoedofcs to 
deled those proiciBs that aic pieseot fai very low a banda no c , 
to addittoi^ detection proeedaro are seeded chat eaa be 
plied to a targe ouoibcr of lesolved piotciiis whosa ahuadaaee 
may span throogh tfeveo or eight erdeii ef Bagnliude. 
Qcatlty. the scmilmty of sDvcr nitrete and Coomaidr Bloc 
siAini&g is inadeqiiaiB; asd only OBctabolie labeHiog with spo* 
cific iwiopes oiay reveal cnevgb pioieiaa to warreai pfoteo- 
ntc pfojecti. Furthenmic. the use of phoi^or*imagiag tech- 
oolofir nay cahaitce the scasitiviiy and Cacari^y of dctectioD, 
Limiuitofu of the tadiolabdliog eppioech oithtde G) bcfc of 
IsbclliDg of some proieias due to low turnover, (il> problcms 
assocbted.wiib safely itgutatiens aod tfsposal, and QiOdilB- 
cullies IB obtaioing fivsh human biopsy matertorfor hbdliBg 
capairoaiis. IdeaOy, one would like to have a highHy ceasitive 
fluofcsseBco-based protcio detectioo technique able to support 
all types of studies incspective of the sample, or the end point 
of the anaiysiL Picfcrobly, the dye should not alter the ibo> 
leeular weight and p9 of the proteins if it b to he added prior 
to cleeirDpbofc&s, and should support quantitative studies 
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I diireieaaei ia Ibdr copy 
Uofortouidty* bo such ideal dye b avaibfale on 
[ yc^ ahboojll Oifbid Gl^fCoScicBoe has dcvdoped 

IPO-PAOB 
, a ttduBotogy aot avaSlahle to the i 
oitoHy. FbiaicaeeBeB eompooadi aucb as SYFRO i 
SYPRO Bed tad SYTRO Roty have bcea used to aoal^ 
whob protea lysatcs Aom bsctcriat and inannnaWan eeOit but 
Ikdr SEaMriQf (M atf b iSghlly lower than that of silver 
BitniB Sone advaatagn 9ver rihcr stafailag iachide 
short stataiag tbae aad the faei that the geb do not aeed Co he 
fixed prior to stafada^ la addilifm, BtHe or ao dfttatnlng b 



For tow oboadahoe pioteias of kaowD idcatily* < 
does aoi pose a pvoblCD as GfcUs aad eo woiiirs htm i 
chat 2D 'PAOB bamuaohtoitiBg io ooabiastiea wbh ca- 
haaeed channiaaiaesBcaee (ECX) cna dctea as Gtib as IflO- 
900 Dotaealcs per ocB is yafreclioaaiBd ceOular eitncCs (60|. 

JliJL (^rrwffmfffiTi Even Choi^b Cheie are several Coeb 
avaUsbfe for the Qoaotitatioa of protesa spobi Ihcro b at 
prcseet ao evailabte p r oeed ui e for quaatitaiiBg aO of the pi^ 
tdas xesdved ^ a oomplea adstuiv. Put of the ptoMm 6a 
to the laivB djmaBib range of protcia cxpresies^ lack of teo' 
otmloai post-iraasblieoal modificatioai^ staiaiav behavior of 
the precdos» as wcll as to the Ua that oiaay abandaal ps^ 
tcias streak over kss abuadaat ooBpoacab totcrfWag with 
the tBcasaitaacnis. At prcsat. fluorcsecot tecbaoloar scesDS to 
be way ahead; as with the Buorcsoence atafa Slypro Ruby 
. there b a fiacar scapoan with fQpeei to the nople i 
ova a wide faage ef absadaaee (fni aad ccfci 
QuBSUitaihe fluercaeeaee mcasBrenicBts can be performed 
with OCD-caoicra based «ysiemi as wdl as with laser i 
systems Q77| and rcfcrenocs ihcrelaX In si 
bcOiog in eombiaatioa with saaliUatton couatiag oflna a ita- 
soosMe stierBBirve for qvaatttattog a niaU auobcr of pro- 
lebisiea). 

J./J. SduifykatioiL Methodi of proteui idcatificatton 
ha^ iachided imouaoblottiAg fidoian peptide so- 

quenciBg 080,81) aad lefcmoss thsietoX anitao add compo. 
Btton (Bt83l aad flMio recently the ise ef aiatris-ossiiicd 




Fig, 4 sbovi a mioD ef tte fyoihciic matter SD PAOB 
imk^ (iiwdoclric foeuias, lEF) of I'^S^ctUoaise bbdbd 
piotnas fnm fiub tto»«atliintf huaaa fceratiDoq^ m 

io Woild Wide W«b 0^t^pMcibaaM^c|^W 
cdit> PirottiM OMVod with • nd cm com^ona to koovn 
po^ypc^tito Out have tan idatiBsd ^ «w or • ^Wb»- 
lioa or taduUqaa Itat tadude 0 2D 0d liHiiiiinnfilnlrii| 
OBOf fpecUle BBlihodiGi ond ttn ECt dctoeiioB praoedaic; 

niaoMqveBcfas or COomuik Mfiaiu Blue fUbcd 
icin» ItSll CiiO noa •pecuooxiiy of iryplfe pcpiidci m 
fn) coa4r«tiOD o4di koom tanu pioidflAOB^^ 
idu ud ofsucOe co gp O Dt mi) oad omtaor trrhnirprft 
|S9] ud (vO boattcBl apicnioo id aammdUaa oOb f91). 

To due, 1237 polypcpHdn tm tan idniUbd to Ihta dftto- 
ta0 OEF ud HBPHOE) of the that tavt teo melYid 
oad ntalogucd. Id addldoa to p'S^DfftbSooim lataBed pio- 
tcte the datobuB coBtaiu r few polypcptidat tkal lack bo- 
itoaiao, Wk oiv nvntod bjr I0w asiBb« Cbomtale M- 
6ni Udc or bf lataOing villi o vbtofc of 16 |Hqmfoo 
adds, tt thouM be aticned dtti iobic pfotdns nipMs both 
in lEF aod NEPHOB gcb (for aaompte. Ckcootaae. trioie- 
pbo«pbate isomcfm aad don^tSon Umt Q aod ihay 
fcrvo as laodmailu to oGpi the gdi aad ai fcTocnca to nor* 
gaalin ^uaailtDtiOBf Io both pH dimioBi. 

lofonaatioa flothoed oo any polypeptide known or 
imfcaown, caa ta telricvcd by dicfclRg oo tta «en«pendlo8 
apot. b tbto case Id-I-J tigou. 9i» koown as strotifio (F«s. ^ 
|92|. A He conoUBlns oD of the iDfomdon cntwtd for this 
paitinlar pretdn, roosUy obtaiaad ftom capctinms pcr- 
renaad in our Uboratoiy, is thovn in P%g. 5 (oa|y a lirnciioa 
of the file IS picsotcd). Files for koowo proteins contain links 



faffr dcserptioaAoaintioD CMALOI) mass sp c ui O Mtn y tBq 
aod cbctfotptay ionintiDD (ESI) flQ. tta btt er ts^ que^ 
which itly OD ita comparisoa of peptide man fiflsexpriata. tn 
fast aad nqitSrc only picomot amounts of pnMcim. lindied 
peptide sequcadaftoaD ta pcrfemicd osbs tandn mauspe^ 
tmBCtry or posi-soufoe decay, bst it ti b stfll not poaibia Id 
make N- and C-tcrmmalicqtteneeidaiifleation. ForoRview 
en Edmn peptide Bqimcuig see lefeicnn (81). Aodem 
and Mann review protein idmifleBllon by nass epemmrtry 
ettcwhcfv in this isuc. 

J.Z MaJdng ttfmprtftaitht 20 PAGE databata 

Advaaoes ia hardwuv and seffeware dewdopmnt (filsBi 
OelUb. Mdaoic; Quert. Tyd» and Kcpkr) for scann^ 
aad megc aoalyM of 2D gdi* as wcO os tta developoKOt 
of smiitive loob for tepid piotdo idcatificadeo, tave cats* 
tyicd the esubUihomt of conpithsndve ptoteomie 2D 
FAOB database (6«,8q. Tboe databases aim at iatcsftdm 
protcia infonoatioo with ronhcemfaiB DHA nappiag aad se- 
qveace data from gnoa» project^ aad offer o gfobal op- 
prosch to tta study of feoe esprcsiioa boih in heahh oad 
diaasc (btfp-i/biobase^k^p-Un/cdii; hllp://ctpaqrAaigMy 
sprot/^rot-top.htmO Q 10.55} asd icfereDCEa therein). Baidcs 
asfietatins genomes, ihea databaso are opccttd to addico 
probtons thei cannoi ta approached by DMA aaatyaih 
oamdy. fcbiivc abundanee of tta prnietn product, posi-tmns- 
btional modificaiiont, ivbcdhilar localintion, tureo ^er. fa * 
tcioctioa with ottar proteins as wdl as ruo^oat aspects. 
The fiist prototype datsbaies wov built by OeGi aod Bimvo 
(87), who pioneered the uje of proton idntiflndon lech- 
Diqves to establish conpnhcmivc 2D FACE datafaasei (88) 
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FiB^ 1 FOB for I4>M ripu protda mibMc b Ibt fa 



lUaocyMI 



L Only B few cmrto Me 



to a wbtet of MadDmB fJbstpJiwwwjath 

baaD and n>D (http://»wwMbl^fia4clbari^jdc^b4' Otha 
Itoki isdttdc OMIM (htlp;/Mwr.ocbi nhn nih gpy/ Omfan^ 
OeneC^ (htlp;//biourormitki.wcinnuiDJW.iVlcafdiX 
Cent flitip;//irwwjBcbiAlB.Blb«ovA;BiOcBsruda±tBtf|) ud 
otte Web otES sudi » QrSPID (cyiesMcUl protriD ditt- 

bcal), mcttbolie pMbways (coopQed by IC£00: bnp'i' 
www.gaiame^jp^fccg8fX ^ cytokiiw csploicr (bnpUr 
fcbeunifjnlueufi«tfu:44]lqftoUBa/lBsplotcr.b^ bistotofif 
im«|tt (hHpJ/Wo»ia.birtMB. dk/««pdi9aedbWBrs0iphi. 
body, etc lo the Aitiin, oa sew tfaiabaM and rdatcd Web 
ste become availabl£» H «ai be possible lo oavlflate thmi^ 
out verioui daiabass ceatBiniag oonplemcotafy lafofaiatfoo 
(tA eudtk acid and protein sequcnec, bbdoidc nappfaiit ^ 
cases, protcb tfractotc. poA-translatiosal modiftaiUoaa. 9ttA* 
bedieK nenalfing patbwan. histoloiy. dc). Gcarhr. data* 
bans aDov easy acocn lo a Urge bodr of data: oacc a 
proieis is Ucoti£ed In givce daabutt, aO of the larofmatiao 
aocuawtsted cao be castVy icttinod and made aviUabiB to ibe 
icscafcbcr* 

Today, 188 infonnatioa catesonea are available io the 
Wortd Wide Web vcnioa of the kcratiaocyu database. Ttac 
indude celhilir locattiaiioB, pathweni pmtcins afbocd in * 
psoriatic kcratiDoeyie, proteins cspiesMd ia aeifBal oiotbc* 
tiom, kcniiaocytci; fibrobluts, HcLa «elb and Madder caia- 
noois oell Itae RT4, levels b fetal bumaa tissues, partbl ami- 
00 add sc^ceeei; abuodaeee, cytoskeleiat protcios^ calcivm* 
bindiiqi proid'as. aanuuDs, chapcrosins. beat shook pretcias, 
etc 

Fuocdons to query the databases indude scaich by oairie. 



' or keywords {p^ 4)» i 
pT, aa ofdl as by orBaatOe er oeOul 
oa any of ibe orgaBcQcit oeDubr stmcturca or uuiupuacata It 
b posdbfe to get a ptotebi Gst as sveO aa Ibcb letathv posl- 
lieM oa tba BHittcr laaia. IB adilltloa. ess cu ictrtm a 
of all ksowB proteias mesdad Jo Ibe datahoaa. Mofoover, 
piovftds piotoeab and vfidcoa of picparotivB stipa ibai oao be 
Qgd to leparoducalho data diyhyed as swflaaoialkfy of ID 

'^Aiubw m PAOB databaaca available at b «^ -MMaatM 
^iatacBi bcMe tnaiitieiialceUoaicinoanos CtOCsX aqjoa* 
0M»ui ceO caitteomas (90Qa wiw. fibrobtail^ aod moon 
Mdaeyedb. Olhcv databasea available to tba tntcsoci caa bo 
fovad b bnp-jybipaqr±e«gejcbAprot^lvrovtop.hbBl; btip:isr 

p«fBjcbMaiflJi^tefiD.dcf~pl(iBMbibJitmL Abob «ml 
proteoialc loob for proteio jdm t ift ca tioB and cbara rterte * 
lioD, primary strusture aoal!yds» sBBoadaiy stnuttoo piodb- 
liea. tcAiaiy otrootuie 004 DHA traodadoo iato proido are 
evaibbb at the EXPASY proteonde ccrvcr Cbnp://ww«xap»* 
qfxIiAffwwftoob). 

$J, ApplUatloia 

To date, there have beca tboinands of reports inusiradog 
dte oiefttbcss of tite ID PAOB aod protcomfe taebttol o|b»M 
oMoy areas of biology. Beeaiae of apaoe limiiatioBa> bowovcr, 
onty a <e» of ihe apptteatiea areas are highltghled bdoer: 

JJJ, CbKcer. A grtai deal of fcaearth has beeo devoted 
to Ibe dttddatioB of the pathways that oootrol eell prolifcr> 
tiba n eormal oeIto» and benee, the detc^BinatioD of the 
nctas by «bbh abesatiaas of tbc» pathwaya lead to aboar* 
Old 90«th charmcteristics and/or ocopbstic tiusformation 



/.£ 09it ft clings Utm 480 (iOOOJ l-M 



and OBcer. Most studio hm focucd on oocoincs, tumos 
suppressors, cdl cycle rtgubud protdns aod s^pal imuduP' 
tioo molecules id yarious aU cypo of diflcrcot spacxa [9>-9]S).. 
but only in a few cases ibcrc lui«c boa systcmsiic aitcmpts to 
aaslyic the proteto pbcaoiypc oT pairs of Domal.and Ciaas- 
fonoed ocU lypa using a prolcmnic oppmcb |fl(M9T-99). 
So far, eoly very few stadia bave made laoof biopqr outcrial 
due 10 problems related to the cell bsurafcocity. 

Abcady in 1982, Celis and co^ibm fUrtf^^ pratcomic 
approaeb to the stutfy of cell tiraotfoiiaation uobi deacd oU 
. lines (68,97.911. Tbcb Rsutu sbewed tbai iransfonDaiioD m- 
suhed in ifae abnormal aipreuioB of oonnal pim, nOm 
tban in tbc cxpnsnm of se» does (98). la addhloa, their 
studtu raissd o word of cautioo coBeeroiai tbc widcspnad 
use of protein taToimatioa derived fioa studies of diffocat 
ten typs fniB various spedca. Today» wc are.wcfl awaio tbst 
«9iih|fcd oeltruadcR^ lasportaat cbiwflBs wbea pisced Ib ^^V- 
tore due to differeat cnnrouDatal factors and grovib odo- 
AtioAS 1 100) aod accojdingyy» cuncal efforts asio| tbe proteo- 
mte approaeb are befass directed to tbe study of ooD^uJtuiad 
celts astfor tosuc biepsSca^ Among the caoser projacts cur^ 
mtiy underway, tboK ceatcrcd on teukcnua and bnnateteg» 
loal iBB]itDaoaB% breast caooer» colorectal caaeer aad bladder 
caneer are briefly mesttfensd below. 

S,IU, LnAtmhaidhBnoiologleameHgimelu Stodica 
by Hoaaib and coUogucs on cKHdhncd leufceoiia aad other 
InQstologfcal maiipuoelca have yielded so far sevml 
mirfccn that Incfaide Opl8, aho known as fialtmrfi^ as 
oBODproton Ibnt bas been vapGcated b sipial traniductfoD 
(lOl.mj. la cbtldhooa teukeada, pbo^pboryUtioa of Opt8 
was shown, to correlate with a bigb ooDtcnt of oeOt b tbe 5- 
phase luggesliag a role in proUfcratioa. Tbe grovp aho 
identified cun29-HI (nucleoside diphosphate fcio^se A), a 19 
kDi protcb that Is upreguUted m nemal lympbocyta 
treated «Ath mitogens as well as in Icoktaia eelb from 
pstieuu with ocuto leufccmla f lOf). 

SJJJ, Brtait caneer, Systematie stvdica of dinieal breast 
tuasere of dUTcRBl bbtopatbological types by Frann aad 
oo-workere (lO^IIM} have revealed eevaal proteias, induding 
PCNA. hs^ hsp90 and oelictksdin that are hWy deregi»^ 
taied in invasive caicioomai and that may serve as prognostic 
oaifcefi. Huse studies bsi« made um of fresh efiaicat Cumor • 
tisuei of dUTcrcttt subtypes and have paid special atieatioa to 
sanipb preparatioa. 

i.J./.X Cotar9€ial oBicer. Studies *of Jun^t and col* 
teagttes flOT-1091 oo sets of macroseopicaqy oenaal cdIod 
nnicosa ami oeiorecttl carEaooau bsve revealed several pro- 
teias that art deregulated in the tuners. Dovnregnbtid pro- • 
tctos iachtdcd the Kver fatty add binding protes»» the smooth 
nusrie proicn 22-0. and cydooiygeaasc 2. Upicfulttod pro- 
teins included the heat shock proteitt 70 as wcfl as se«er«l 
members of the 5-tOO family of cafctom-binding proteias CS- 
100A9,S-IOOA8.SIOOA1I and S-IOOA^y. Some of these btd- 
iags have been confirmed hy iflamunohirtOEhcinical studies 

SJ.1,4. Bioddgr cfftcer. Gelb and coHogum (ItO-llll 
have explored the peasibilily of nsiog pmtcome opreaaoa 
profiles of bbdder tumors as fingerprifits to cubcUssfy biito- 
pslhotogbal types, and as a starting potai for ssarchbg for 
proieia msrkers that may form the basis for diapiosis. prog* 
nesis end trcstmcni. To achieve these goals they have ana- 
lyzed the proieomc caprwioa profiles of hundreds of fresh 



tumors as wcO as raadoa biopsies and cystcciomia |l lO-l I3]l 
asd have establbbed TCC and SOC'proteomie databoma thai 
fBBy providc> a solid, irtfrutnirtuic. to su^nn. future stisdics. 
QIIJl: hRp:f/bbbase^<g(tbiafodis). Is the long luo. a pri» 
tical goal of itae tiudio b to identify a oompbte set of 
protda biosufkcrs that rosy be unful to danify hiaopadio- 
iogical grsdci^ aad that win provide witb specific probes fbr 
the otjectiva diagoosbt prognods aad btatreeol of ibcse b- 
dms. So far, thcw jiuto Mvc revealed mafkan for TOC 
pr o gnBi on (llOi a snarfcer m tbe urine of paticob bMng 
SOCk ItUJiq, 'and bave led to the drrdopmcBt of • oovcl 
strati^gy for idcntifyiiig premaKgoant aquamoas bsbiis |l I2|. 
Tbe approach makea use fiitt of protcomic tadmologics to 
reveal and tdeotify procebs' that are differcotiaQy caprcasad 
b ^vre SOCk and oormnl tveihelium. Ttoodkr. specific 
aatibodfaa a9^bsl the diflcrcnttallty capressed proteias aso 
— «azd to immuno3ta£a eobt esycstas saOi^ cf kvapsia Qm- 
muBowaftbg) bbialuri freim SOC patients that bavo oadcr- 
gone noDOVBl of ihc'bbdder due to tovashrc dlRsse (qrti» 
comy). Sbce bladder caaeer b a fidd dtsease p. IQ - that b 
luge part of the bladder laamg b at sbk of dcvelopbg disease 
- H b apeded that the tsrothdium of these psthBti atj 
cibibit a speuium of abaoemafitim lao^ag fkom mctS|Aasb 
to bvasive disease. 

JIJU. Ufaarr dbeom Heait fUhne b among the tesding 
causes of oiortalilQr io Ibe Wcstero Hrmbphero and thercfercv 
cfldrts are bdog dovotod to the doddatloo of the moleeidar 
cvcBis teadbg to cardbe dysfUociioa QII7) aad refemnn 
ibefcb). So far, lemarcb oo dilated cardionayopathy <DCM> 
(Il7-I1fk has leveahd that approxtasattly lOO proteias aio 
deitgnbted. mostly dowBregpdatcdl, in DCM aa cossparod to 
tbcb oormal coimtefpaits. Ttae faslude cytoakchtal and mf> 
ofibrflbr peoteiasr po||fpeptid» aa so cbtcd with nteebeodrb 
aad bvoKod to oacrgy pi Dd oc t loa , as wdl as protdas ano* 
cbted with the stress itqwase. Tbem studies have been c«pe- 
dted bf Ibe fibWirfimmt of pretcomfo 2D PAOE databaao 
of tbe bumaa bean (vmridB sad atrbm) (I2Q 

lo addWoo Co tba global aaaHysb of proteto capreasioa 
patterns m buasaa heart dimase^ cardiac aat^ apreadon 
f ollowfag cardiac imaspbatsdoa has also bceo studied usbg 
trrtoltiOTf from protcoades. Fcv caavpl^ nstog 2D PAOB 
(carAac protdns) b le ii ulWun iloo with Wcstero bnmuiiabbc 
ting <padeat mraX h bas boca posdbb to ideotify aatrgens 
tbst reaei with autoantibodies present both b DOd 
1121,1221 myocaidhb (12^. lo thb w^r* oadflW wod- 
ated witb the aadbody response that may be invoHved la acute 
or chroab oigaa njjaciioa have beea charactcriaed. 

Proteomb studies nstog oataml modds of bcaii disease 
bsve also beea canied em bs aa-effort to oanvclfba modo- 
ular cveats leadiag to cardbe diMase. ReeenOty* dtfbcesi 
atndia iovolnag brge aaimabu psoHadusetf heart faOure fai 
the dog |I2Q end bovine DCM (12% yblded dndbr lendta Bs 
those observed In bumaa DCM. lotercsimgiy. the most strik- 
mg fcsult b the bovmc DCM smdy was the flndiag of a 
sevco-foM decmam in tbe cspiesdoti levd of ubiquitin C-I9- 
rtfaal hydrolase^ as Inappropriate uUqwnation of protdos 
has beea suggesttd as aa ctbtegb factor in heart f aihiro ( 1 2q. 

fJJ, Taxkotogy, Chaago b tbe cavironmeat as wdl as 
the growfiag btoed of the pharmeeeutbal fadusiry have 
stifflutatcdlbo devcbpmcnt of novd tcsUng approschm based 
CO the iceeat technical advenes both te genomim and pro- 
tcomio. Koneeting studio by Aadkrvoa aad Aadereoa |I27| 
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Fig. 6. 3D PAOfi (A utf B) wd cUp dsu (C tad 1^ oa Ihs apmiiaD oT fcBmifa • te a i 
(9s4o to. Tl>. C utf D: Tte top low ritowi fsasto vlib pcftei ouftb piobcac ite iMNf 
B: Immnooblol of ifas pnuiiu mM In A mcud «Ub aDlitaedbi agyimi fccmiia B. t%£ . 
product! H indited for RffficBee. F: MAUU-TOF peptide fingBrpffail oT fecnlb 8 tfcvadDUi 



(^rido n, TiA asd aa lavBdve IOC 
isIbB «itb Bdimatcb cootral pmba. 



ef teatia • aad ofoaa of lii drpwdithm 
iBdiGMsd b A aad & 



haw UgtdlgbtBd the ne»Aiit»#!»a aiid potential of the pfotcomic 
appfimch Id idaitiiy quamittilvc chaago in ni eipfo- 
noB proQci Btairinicd with tooudiy of diugi otbcr acoo* 
biotio. The data, which aic bdag cystcmsticalir stored in the 
rodeat notecutar cffecu' dauhuc. are apecud to yield ho- 
pofftast bfortuiloD u to the molecular mechantinis ttsdcr- 
lytDg toxic fopoascs. Lifccwi»» the potoiiial'ar pfoteotDics 
have bccD CBOnay eietDpUBed in atvdio of gtomcnilir ocph- 
rotouaty ia tela jizq, aod of etinulatcd oocBpational jet Aid 
cxposuic ia auee tuas n39|. to partindar, cbe ftudiea of Stcio- 
cr*e gnrap have ehowo a tonarkaMe condatloa hctwaaa de- 
creased Icvcb of caihiodiD D-28, vrioary calciiim waiting ia 
the urine, aod iotralvbular cofticomBduDary csleificatiom in 
the kidocy of rats and human trealad with cydosporio A 
fl30J. 

In the fuiurv. prouoialcs b a high-throughp«t mode is 
capoctad to have a oiajor impact in the pre-dialcal safety 
ieating of drvp. These siodica will he facilitated by the cstah- 
lishmcot of 2D PACE datahaao of ficqiicBt larget dasaa 
(kidney, liver) ai wcU aa of .sell Uses and folds. 

iX4. Nainto^l ditvdtrs. The Crcatafetd-^lfteDh ^ 
eace (OD) has been the subject of intensNe anslysb ustag 
proteomia. These studici have ted to the Ideatiflcatbo of 



two ncabcfs of thet4-M fanily of piotdaa hi Che oescbial 
spioal fluid (CSF) of CID paticnu flJIi T^e fhcscBCP of these 
protein ia Iha CBP haa ban need to difforoiiate CID f^osa 
other dstttCBtfa both with high scasittvity and spsdflciir 
ft 12,1)]). ThcM preldni; however, arc present In the CSF 
of paiiats suffering ftem other Bcofologlcal disordcn .oot 
. liDitiBg tts dinios) vahic (IHISQ. 



$,4, ChnrAiibur 

Today, dkcro is ee teteobgy hi sight that matcto the 
Rsolviag power of U> PAOB. a technique that viD continue 
10 cqioy a eential pMidoB io pioicamb projecu for some tbse 
in the near fbmic. Theie is ceasidcfibte loem for improve- 
menu however* in poiticutar as fhr as sample prepamlion end 
sohihaiiy, choice of pH groAcht and dctecsien methods arc 
ooaeersed. Abo, we need to improve the sepamtion of very 
btsic «s wdl as very tow and high metccttbr wdght polypcp- 
tidcsi fai graemU one expects rescaichert to Brsi use Aide IPO 
padieau to obtaio an overview of the piotconc profiles, and 
then proeeed with a more detailed analysis twng oanow pH 
^dkBts, which ptovidc higher fcsehitien and sampte load- 
ing, thus inocasing the possibility of vunaladng the loser 
abundant proteins. The tetter am be facilitBtcd by the avail* 



II 



abiliry of sptdfic aotiboditf* as vcU as (bc inr of cxtm* 
Uoo proccdum sod subodhilar rfactiooatioD oietbods cur- 
rcntiy at hand inMlSI. 7^ 
TYioc aiv dill maajr edA'uoiul challngn. bawcvcr, thai 
null be addfcued bcrofa a coa p le te Huaso Pratcoac ta^- 
cei eaft be implemented tl39|. Ttec tadude: airtomation to 
allow high-thfoughpm sample aulyiis improved ^uid- 
litatien apabilittci^ better instnuncntatioo asd saftwaic for 
'peptide leqacodng usiafi mass apcelfeBiftfy; moit iophbtl^~ 
catad bnage analysis tyslcias co euppon pi aqmpaiisaBi 
and daubasiag at wcD as in^roved bieiDroiBStic capabflitica 
ovoall |iq. Id addition, «c need to deal with tbe prObleaa of 
lisnic ccD betaogaiciQf as more and note protaoone pniieets 
wOl make osc of biopsy material ia tbt futttft: 

4. TfUBoIpl and pMla Imts: DNA mtooBiraya Md 

pmVtuBiis applied to tbt nmr nmplsa 

As mcotioaed io Sccsioo I, both DNA mlovafvayi aad 
proiconia an conplemcstaiy teduiotoglca. To date, boa^ 
aver, then have beta only a ImitBd aunbcf of stvdica to 
-which both tecbaologia have been conpaied by.applyiDI 
them to the fame sample |I4I,I42|. Notably, the pioaoer Hud* 
ia of Afidcnon aad ScilhoiBcr |52| showed that there b not a 
good conclatiOD between nRNA and ptptdn levds io bitfoaa' 
liver, implyint that gebc-based opmsroo data may ba of 
limited vihic m the pioocss of drag discover. The antdy, 
which -compared the levels of 19 geae pioducti^ yielded a 
oorrtlaitoa codfidest of 040 betwcca mXNA and proichi 
abundaiMB. a valve that b half way betwoea perfect and oo 
conctatioB. 

ReecoUy, 0roteft ct al (masuscript io pnpamtioa) oamcd 
out a microafny aad pr oteoB iic study if Madder caoger la 
which Ihcy oompaicd the transcript aad proteiD oprcata 
tevcb of pain of ooa-iovasive and iavwiw low pada ficA 
TOCa. even Ihoogb they oeuld on|y eompam the levcb of 
abovl 40 welKresdlved and fooised abuadaat ptoteiB^ it 
was dear that in most cases there waa a food oonctatioa 
between traaKript aad piDtdn bvda. Only ia a few cams 
.they found diseRpaacbs, and in some of tbos instanees- 
thcy oottid not climiaatt the possibOiiy that thb was doe to 
mcaienfei itaUlity, p«st4mmoriptioaal spUdag, post^Mttla- 
liona] modtScationiL pretcin foeusing pioblcmi^ drpadatloo, 
as avil u the choiee of oiclhods used to assess proteio a- 
pnaioD bvtb (staiaiag yum ndiolabclling)L For caam^ 
in oae tumor (air ihiy fouad that the leveb of bcmtia 8 
traoioiptt were ontch higher io the tnvadve cubbot (compare 
Fig. dC and DX while the protein levcb were much lewcr 
(compare Fig. 6A and B). Immonoblotting aoalysb ustog her* 
atin 8 specific aniibodio revealed that the diserepaoey wu 
due to degradation, as several related produett of lower ap- 
parent moleeulhr weights and more acidk pA. ooidd be vbo> 
alised (F?g* 68). lbs idcaiiiy of one of the eroaicaciiag 
pepu'da Cradimifld with arrows is Fig 6E) to fceratto S 
was fttitbcr coafirmed by MALDl-time-or-ai^l <TOF) (Fig. 
6F). From these studies it wu dear that when ooroporiag 
fflRNA and protein tevds there are other faeion that 
need to be taken into consideration when interpreting the 
dau. 

When comparing transcripts and proteia oprcssioo profiles 
of matched sample pairs eiie oRoi gett the bnprcssioa that 
thoc are more cbaagm ia the tbuadanoe of the mRNA trar»- 



coripu as compaicd to the proidas. Coasidcriog that iba cor* 
mt 2D PAGE iechgol«gr dapicu iniinty the more abugdwi 
pfoteiBti it wmild aeem pmMe thai most of the cliaafBs 
sJfeetiag protdo levcb may involve tow abtrndaooa polypep- 

ttdes^ * 

& Ctea eapiaBlaB piofSiag ccdboiqaaa: perspccCiva 

Novel aad powirftd tachfuquea are BOW avatbJble toaaal^ 
the ilobd geae captcsBoo panctvs of cubund cdb and ti»- 
aoea obtained from aormal god disrawd stitjeeia. Cacfa of 
these lecboologics fau its own advaatagea and IMiatioBi^ 
bat in cotfbiaatioa they ahoold provide ta arith m dataibd 
pnt csspicBioa phenotype ai both the ttaa m i ptioo . and 
trambtioa lei«l. A m^or dkattcnge b» the near Aitura will 
^^^^L^^'L^,^'^'^^ ^ <9!PMJj^n.capms{oa fius 
ae^ of a ghftt ceO type, ibave'cw body Suid; TUa b sol a 
irivtel talh, hoBwcr, as U wOl i^pdie the ngl!ytia nf bv»- 
dredi or even thoosaadb of aamplea. 

Bcstjdea fanpfwcmcab oa lha IndividBal taetinlyiea ihesD* 
sdvcs (see above)* thtsv are siiD oaajor GmSttHoaa that mnsl 
ba addreoed before thme techaologiei caa provlda tha 
eapected oattoana in taolBCulaf mcdioma* Tbcsa larfudks 
CO prohlcBU atsedarad with the andyds of eipee^ 

1^ profllo dertved ftom tbsoea that are oomposad Of dSftr* 
cat aeO type^ (jS^ bcb of pioeedures for IdcatlQflns taigdi 
that lie io the pathway of ^sease, aad (jS^ aaed for bfoiofbr^ ' 
maiica toob for rapidly nmr''^g the fnactioa of fha potatlva 
largeia. the latter, b of paramoimt itapottuoa to Cha phar- 
aaaceutied Musary as Ihs idaiifioBtiea of disease deiegolaied 
targets dose is not safiebst to start a aoitly dhv acraeaini' 
pia m ss. 

As ftr as tbsue hctcro|eoei|y b eoneeraed, the meat ad- 
vent of LCM boMs real pfombe as with thb tachaique it b 
pessibb to bolam specific popobiticms of celb from a tiasaa 
saetlon ta^ dbcct mtoomopie obiervatloa PQ. Kowcvir. 
even vhou^ tbe lachn^oe has been used for RNA and!yds 
it b stiD BOt ready for eaost p i otuiuiic pictfacts as the aumber 
of celb that can be ebtdatt b Coo email to generate icaaoo* ' 
aUe pfOtelB prrofika in terms of the maabo' of pfotdas that 
caa be vbudbed 11431. ^ ^ 

AaPNA mluaarisiy aaod pio tBCBB to goeaatcasorodatato 
the fotore it will beeomo a eaatter of priority to develop afaaple 
and sapid strategim to vafidam the. vast amotms of lafoim^ 
tion tbd win be gmenied^ pafticubiriy bi tiave Uoprica. Tbb 
we bdieva caa be eeeompibhed b pan by mahiag ose of 
spedfie aatihodia to combiDaiieD witb faBmoaohbtocbcmistry 
(Ijft At picaeat. there b so tachaotagy at band that mf 
dlow OS to prapare aatlbodba as wiUL Man^ phage aaH- . 
body b'braria |I4| rihow moeb proadsa. 

FiadHy^ we wmdd Kle to cmpbastoe Chat btology to thb 
MiOeanimB wiD be characcerieed by tha stutfy of compba 
biotogied phenomena. DNA obroarvays and proteomics 
are pist some of the technologies of fuactload genomic^ 
aad only their wugretloB may aDow ua to tscUc the peat 
edmiAedty vaderiyiag biotogiol procmres. 

4dtwmltd^amu: We ooaU fifcc to thank H, Wolf for inaay slim, 
daiing diBsstonn Thb warfc «as cvppofced by rutt flom the 
D&abb Caaeer Sodcty. tht Daaidi BieteehaelDgy ftogiamm^ the 
toba and Biithc Meyer FewdaUon aad the Mofacdar Onomdogy 
Cmifc 
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MOLECULAR ANALYSIS OP CANCER USING DNA AND FROTBIN 

MICROARRAYS 

JuBD MBte*<iuipide md San M. Hinaib* 
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typa erf coicm ihm Bimlttfitits tt «cn n aMUt dlfi^^ 
motoeolir Cfihi. fcCooany tccHaelaglo hm ite poMal of pmddfitg vatavbte fattifltt 
rvgvtfqg discw pioemci. Iht any fomia b mw n ciBibBihcd octtiotf gMd 
■nal|sU of nucleic nida. and tn ihc ^ fbw yon lUt tppraoch haa b«n ad^ud far 
I fTable !>. KOcmamya aRow prawning of I 
i at a sale onoitilBaUB pmvboi^. 
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CAKcni rftonuNG using dha microawuvs ' * 

Ocaomics siudtca, especially pmfifinf putt cspKttioa, using 1>HA imy hm 
vemcndons imptst on biomedical loeaicii. laamog in well over J.OOO puMlihed 
In 2002 alone. A tufastantial nomba of poblithed «iadics dealt wiib cancer. Diffue 
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eppllettioitt of ONA fnicraanays include uiieovcrinf unsuspected ftuocitUeas bawacn 
genes and specific clinical fuiQies of disease that nt hd^f devbe nonl molecular based 
disease ctasiiftca;ions. Moil pobHshcd tumor smditt using OKA microsnop have either 
examined a paihobgically homogeneous set of tumon to idtotiiy cliAicoUy idevont 
subi>pes. for euopk sorviven vs noiwumvon. or puholosicaUy distnici subtypes 
belongiog to the seme lincege. for example limited stage vs advanced stage tumon to 
identify motecula/ cofiefates, er lumon of difTeieni line^ to ideally molecular 
BfgDBiures for each lineage. 

One of ihc tandmvt siudSes ihst have atttvied much internal with fcspect to the 
potemial cosoibudon of DMA micmarrays to uncover novel daises of lumont, is an 
analysis of diffuse large B<etl lymphoma, the most common subtype of non-Hodlgtfiib 
lyruphoma . Lar^ B-cell lymphoma is a cUoically heterogeneois diseise. Only 4M of 
patients have a good msposse to cuircni thenpy witfi a pratopged survival. A synematle 
charaetcriiatioa of ^ caprcssloa in this disease using DMA mi o uflj i aya unctyvoed a 
• diversity in g^ eapicaalon dwt icflectBd variation In taflRor pralilMoii rati; host 
KapoQse and dUfcrcmlatiOD state of dm tumor. IWo mdeculvly dbdaci forms of dUtae 
ler^ B-cell lymphsna woe umamuid wMch had gene caprwioii paitm bidicadve of 
difrcseol Btagcs of B-«ca AfiEmididoBL One icype apmsaed ^roea cbmeteitatle of 
germinal center B ceBs asd bad a al^iificani^ bcner ovcraU snivlvsJ ihvi the seooud ttype, 
which caprcued fsoca normaUy Inducod dnriDg hi idtto actfvadon of peripheral bleod B 
calta. The analyda diemfSm identified previously undetected and ctinxcmlly slnlficum 
sobtypes of lymphoma 

Stgdies to classiiy bicast earonomtt baaed on gene aspmasfon profilea revealed that the 
tumon couU be claatified Into • basal cpWiellal-IUDB poup^ an SRBB2«««stspic«siot 
poop aod a nomal beut-likc ^vap*^''. A hmiina} cpiihefiatfcstiesBi reccptv-poaWve 
jpoup oDuld be ffivided him at least two aabgroups^ cnh vidi o dlstfnctKe capranlon 
FofUa. Survlvol analyacs on a cobeohort of paiienb wHh iocdBy'odvaneed bmast canev 
unlfomdy ueated. in a prospecdvc itudly, showed sigaificndy difroou ooteomes for 
potie^ belaaging to the various freu^ lododbg a poor ^grrasla for dm basal-like 
f ubtype and o significant diflemnce m outeome for the two estrogen reecptor-positive 
gRN^s. In an iodcpendem study ef 38 invasive bmasl cnccn^ sbiUng molcettlm 
diffcRnces heiween daetal cardnoom specfmens wem ntoovemd that led to o saggemed 
new daadfication for cstreterweecpiar negative bfcest cmmer". Slaillmfy. a atady ef 58 
nod»eegativc breast caicinomaa discmdmi for BR stataa abo uneevcred « list of aeaes 
which dlscrimiiiaied tumors eeeoiidhig to CR sums". Ardficid neord rwiwedm could 
cccurrtdy prcdki ER sntus even after cauhiding top diaeimlnator genea. Inctutf ng BR 
itsdf* Ody a snail prapvtion ef the 100 most importmit ER disctiminalnr gon are 
rvgdeted by csdudiel in MCF-7 cells. 

An Infoimativc approach to audyse DNA microarrsy data in elided saidica Is to divU^ 
such data imo e odning set to uneover assodadons between qpecifie genes and certdn 
cndcal feattuei of the disease, and • teadug set co vdldate dieae aseedatlons. However 
since bmh udmog and ceadng sea am derived from die asme pod of padenta whose 
•ampka wem avaUable m the.lmmstigatom. ttte eatem to which such ^T^'^irmr may 
apply to other paUenls not iaduded in die eiudy, who may have dtffemm characterisde^ 
cannot be inferred. Beer et d. have undertaken a smdy of hmg cancer In which the 
associnion dsy observed between a set of genca end patient survtvd wu validated wltt> a 
testing set of tonrtors dicy had available and further vdldated wf di an lodependem set ef 
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lumon for which mtcrovr^f dkia was collected by cnother group no: anodated unih ttiii 
said/*. Such eitensive validitjon cIcBty indicated the robostncn of the onociados 
uRcovcftd beiwceo o set of genes and survival fti lung odoiocvtiRoma. 

Die otimcms published siodia otir^ DNA Riicroam>i( justify the oso of ihli 
technology for uncoveting patterns -^f. gene capmsion ibat aie cliidcally infonmaiivc 
However if la snbstandalty noie diflieult !» deirelop an undentBding of diccaso at o 
rocchaniaiic level using ONA in icjoa i aya > For nott of the poUtshcd se^u it is onclev 
how well RNA levels reponed conelase with praieiii tcvda. A leek of contlaoon may 
btfpiy ihoi tfie predicdve propefiy of the BBnc(f) is htdepentfeM of gene limction. In amdia 
of lung cancer, Chen ct al. ccOcctBd bath DNA microairBy and 2-D PACB daii» wMsh 
aliowed tfiem to compaio mBNA and ^trio Icvds In the sane tumeis''. The intCiipmiBd 
intcnsides of IdS protein speta lepfcscndng protein producia of 9$ genes were analysed In 
76 lung adenocaichnenss and 9 unaffected luhg lisaucs using 2-D ge>s. Far Iho some SS 
sampler mBNA levels woe detemdned using oUgonuelcoddo od uusi i uys . Oaty 21 of 98 
genes (2M%) had a stsiisticalty si^ftcam conclation between .pmteio and cnRNA tevdi 
ir >0JI44S: F ^jOS). The mRNA/jpooteio contUtion coefVldcnu also vsied between 
isoforms of the same protein, indtcadng potentially isotam-specific nechaniams for the 
legulatSen of protein abundance^ 
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DespiiB the advances In our ondsracBading of the molcadar basis of t 
gaps remain bodii In oor undcsstaoding of caoccs poihogisaesia aad In the dbvelopaBeni of 
effective ssrasegles for early tfagnoais and fer uratimn, A pioteonfc appsoaeh to 
lavestiigathig dia«as such as cancel mqr ovoooma aome of Ao Qndtaiiona of other 
approaehsaV DNA microaRayB have Undtad utiHiy for the analysis of biological flsida and 
fbr uncovering diroetty. in the ftuid, ossayable blomsiten^ Kcmmus altemiiona may oecur 
in pfoteios that ore not fvllected in cbsngea at the KNA level. 

Unlike DNA mlcfoafTays that provide one measwo of gcae cnpiessloni namely RNA 
levels, these is a need lo fanplement protein adcioarray strveglcs thai addkoss the many 
dilTcrent features of proteins inctuding deiennination of their levela in bldlctgleal samplea. 
and determlnadon of dieJr sdedive inter sstions with other juoteihs* anbbodies* dmga cn 
varioos small l^gands. Aiiaya thai ineorponua antibodier*''' or lecomblBam proteins 
obtained using cDNA cxpresalun HbrarM*^ os phfltgB-dtsplqf libraries havo been 
otiliied for differeitt ^ypea of pomtdn based asaaya. With other types of micioamyi^ whole 
tissoe-derived samples have been direcdy atoy ed onto afidaa. lo assess the rcactlvi^ of 
lota] pRMein lysates with specific ligand*^. l>wo pvacti^ appUcedons of potein 
microonaya wcrv praieated by KiMtatrfc*", deaignaied protein hmcdon airay and protein- 
detecting amy. With protein function arrays, a large amount of protein is iponed on a aolid 
support « a defined location and tested to characterise either a bioehcmicat activity or a 
molecular inieraciien. The pioidn^d^ectinig anoy consists of an anayed set of protein* 
liganda used to profile g^ eipRssion and draw aignstures intfcadve of the eelhifv atato. 
The whole process of esseinbling the pratdn array reqelms confi'daratfena refaied co the 
nature of the support (he type of iinmobUiaation. as well u the oiolecnlar arehitecttac of 
the particle being anerhrrt fbor main diffcseni supports have been optinuxed to perfonn 
assays of Ihb magnitude; chemically modified glass (potyvUlyainea. polyaldehidDa. 
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these simptes. Peitemi thai distinguish between canca puicntt unl oorsuJ s^jccU with 
lunarfcAhlo teeaney, have been icpofted fiar several types of comer'. The coopling of 
piotnn arrays with moss spccfrometty technDloiyei ia Ukdy becoiae a poweM inalylic 
tool with which to profile piotdn cspiesiion. Such ah appmclk known aa nvttinCliio 
(Gpheigen Ine, USA), was sneeeasftJly ^pptied to mdy fmtate and owtsn cancen^ 
sod, more fccent)y» bead ond neck cancan^, Rcsutli fm these studies revealed the 
invohrcimt of piotaios in canmogcnasts piocc»e» and specificaUty idemifiod protein 
ringerprtnts fim which uneer biomarfccrs wcr cacracttd. Jht nutfiir drawbocls of direct 
analysis of tlssncs or biological fliods MALDI is iha profeitniiel dctociioii of piotehn 
with a Imer molecular mass and the difhcotiy hi tdentiiyfa^ ihe piottlna ceivespondtng to 
the ousses dbscrvcd. further toehnolmicflj liqnweanus ceoM cnhaocc te odKiy of 
" E analysb of tlisaes end ^ogicnl flqida. 




PIfon t» Rcpnicnrilw —puiioCTiiforcpclBitotiBBof MAdtptotBrdOft (RcprufawdftcMMIi^tfiafc^ 

Canocj liisae piofiliqg studies dial have odBsed proidn fofcRnnays are beghmfng to 
cmsge: As • model to better vndersiand how pauena of protein empreaion shape the iSnue 
RitcracnvffonDeau Rneicvic et al. analysed protein cnprcssfon in tUsoe derived fkom 
sqoemmia cdl cBcinomas of the oml coviiy ttooagh an antibody Rdcmniiy appnacb for 
higMhroaghput pioteomic onalysis*'. Udliriag laser capm mterodtoaectlQn to procure 
coiol.preMbi from spedfie reia ro sc op i c ceOidff popilations, they demonsMed that 
qoBOtlttfiv^ and potentially qinlitdivc, differences In oaiprenioa paaems of amtUplo 
proteios wlOihi cpltheHs) cells i^prodBclMy correUted widi eial covlqf nimer propnaton. 
DifTcrendal oipicflslon of multiple pretdns was fomd te strannd OBlb inrroondlag aid 
tdjaeent to icgtons of diseased epithdion that tfreetly oondated with turner proynslon of 
the epithelium, hfosi of the proteins tdendfied hi both cell types were Involved in signal 
trvnsductlen ptthwsys. They hypothcaaed Ihercfow dial csieasive nolecaler 
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comiifUntcaiiore mvolving complei ccllottr sipiafing between cpUheliun ond snma pfoy 
• key fAaiBddiMis oral crnqr unccr progrcsitoiL 

A cimicaily nlcvor.l sppficaUon of pretnn mfcmafnyi •• iht identification of pfotelns 
that induce an antibody response in autoinunune dismdors®. Mieroanays wen pimue e d 
by attaching fieveral hundred piotciny and peptidea to the nufafic of derivftdxBd gcu tfidcs. 
Anays weic incubaxed with patient cenuiK and ftuoiescent labels wee used to dcieci 
autoantibody bindtns to specific protdna in cutoiraminte dUeascv inctodiog ayttmte lopus 
cryihonatosiu and ftecumatoid arthritis. Such ntfcroarrayv lepmcat a powcrfiti tool id 
study immune iesponsea».to a variety of diceaics including cancer. 

A fcvne phase pmein anay wpreaeh that imnmbiUsci the whole r^etolie of a 
tissue's proteins has been developed^. A high depce of sc&sitiviiy. pneisien and linearity 
was ichicYcdl naUng it possible to qoamtfy the phoiphoiytaiBd ctBtos of aigiul ptotdas in 
human dssne ceD subpopolaiions. Usii« diis appmch Fiwelaa^et al.*hBva InnlmdhttOy 
* analyced the stole of pr»«anrival ctieckpoiBl praieins at the ttSemseaple tiantioa st^p 
fiom patient oulchcd hssttilogicany normal prastaie epithdiom to prostate lavnhhcHal 
aeoplaria and to invasive pmstate cancer. Chneer progpesaion wu uisodated with fanwid 
phesphoiylatlon of AH. rappicasion of ^optoais imhwayn as well as deceased 
phosphoryJatien of ERX. At the innrilma from histologleatly fumnd cfMieCom to 
latracpithchal neoplasia, a atatistiGaqy oignifieaat aoige to phoapboiylaiBd Alt and a 
concomltint suppresdon of dowosttcam apoptosis pathway* piecediag the trandtion imo 
invasive canrfooma weie observed. 

A m^jor chaflenge In making UocMps for global analytia of proteio cxpicatlon ia the 
cunvDt lack of compiehensive oets of genome scale c^pane igenta each aa antibodiea. Aa a 
fuuli blochips thai csrget ^ific classes of protd aa stKb m Idnascs or cytoldnn art moeh 
easier to pjoduoc, that would have clinical otUi^. Another impomm conddvaiioa io 
prmcfat miuiuiiaya is that proteins undergo numerous poit*franslaUanal modllleadons eg 
phosphorylarions. glyco^lations. whicb are highly Impoitsmto thdr fkincdons. as dieycaa 
detemdne activity, etabiliiy, tocaUsadon and lumvcr. To eddicsa the need fbr 
comptehcasive analysis of protelna In their modified frniBi sevoal opproachea to the Itqoid 
boKd Bcpantlon of eell and duoe lysaies were invc»ti|atod in order to obtain pmnin 
fractions with nducod coo^Ieiity or pare Individual preidns". Tfm nparalioa piodncto 
can be arrayed in a eunoer thai allowa the piobinf of praidn eonititucats of cells and 
tissues lo onoDvcr specific tupeu. Pot exm^B. using e comblaoiloa of anioa aadnnvB 
and levcno phase IX; Msdoa^^uipide ci aL hove obtained soma 2O0O hidivldual pMin 
fractions tfiai have been udticed to prodaee ndcfoanraya tfut faibore^ caacer eall 
proteemea. Bauions thai leati widi cpedfie prabca me within the reach of • 
chfomatographic and gel based ocporation lachniquea for resolving their faidividual protein 
constituents aod of moss specoomcoric techniques for identificaiioa of their coastitocai 
proteitis. The LC piooedwea allow sullideni piotdn amounts to be leaolved fte the 
eomtruciion of large nombciv of micniamya fhun • glveo eell or ttssoe aouiee. 

ftotein micToanaya of diffierem types ore Kkcly to become commeidaDy ovdlsbla for 
assays of bmd sets of proteins and m#y well rival or ai least complemem DWa 
miooanays as tools far global expression analysis. 
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summahy 

In coAclosfon, omy-based techoologlca hove coiaged ihst caa»ibme to pioniim 
U8UCS at tfic genomic, inaicripiomic and proteomic levan Analytfcil loob m needed (o 
mine the vast aiDount of data gtncnlcdt Uhimaiely the iriotactttar analyda of cnccr ai a 
genome and proieome ceole will allow better cfaulfkatfon of dUcase and iatloied 
individaalnc^ ihmpy for iodividoot potienti. 
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Identification of putatiye oncogenes in lung adenocarcinoma 
by a comprehensive functional genomic approach 

R Li', H Wang', BN Bekele"vZ Yin\ NP Caraway', RL Katz', SA Stass** and F Jiang^ 

'Department of Paihoh$iy\ The UniversUy of Texas MD Anderson Cancer Center, Houston, TX, USA; -Department of Biostatistics 
d Applied Mathematics, The University of Texas MD Anderson Cancer Center, Houston, TX, USA; 'Department of Internal 
Medicine, The University of Texas Houston Medical School, Houston, TX, USA tuid^ Department of Pathology, The University of 
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AmplificaHon and overexpression of putative oncogenes 
confer growth advantages for tumor development. We 
used 2 "f'jsictio^taS genomic appr&ach~diBt integrated 
simultaneous genomic and transcript microarray, proteo- 
mics, and tissue microarray analyses to directiy identify 
putative oncogenes In lung adenocarcinoma. We first 
identified 183 genes witli increases in both genomic copy 
number and transcript in six lung adenocarcinoma cell 
lines. Next, we used two-dimensional polyacrylamide gel 
electrophoresis and mass spectrometry to identify 42 
proteins that were overexpressed in the cancer cells 
relative to normal cells. Comparing the 183 genes with 
the 42 proteins, we identified four genes - PRDXI^ 
EEFIA2, CALR, and KCIP-I - in which elevated protein 
expression correlated with both increased DNA copy 
number and increased transcript levels (all r>0.84, two- 
sided P<0.05). These findings were validated by South- 
ern, Northern, and Western blotting. Specific inhibition of 
Eli:FlA2 and KCIP-I expression with siRNA in die four 
cell lines tested suppressed proliferation and induced 
apoptosls. Parallel fluorescence in situ hybridization and 
immonohistochemical analyses of EEFIA2 and KCIP-I \n 
tissue microarrays from patients with lung adenocarcinoma 
showed that gene amplification was associated with high 
protein expression fnr hntfa, genes and that protein 



Introduction 



in iung"a<lenocarcinoma, as in other types of cancer, 
gene amplification and the consequent overexpression of 
the amplified oncogene play an important role in the 
development of tumors, because their overexpression 
confers a growth advanuige. The ability to identify 
putative oncogenes that are activated during tumorigcn* 
csis could facilitate the choice of molecular genetic 
targets for diagnosis and therapy of the disease. This 
concept has been exemplified by HER'2, which was first 
found to be amplified in neuroblastomas and subse- 
quendy shown to be associated with poor prognosis in 
breast cancer (Ross and Fletcher, 1999). Now, //£/?-2 
aberrations are used as a predictor of response to 
therapy, and treatment of HER-2-positive breast cancer 
with the monoclonal and-HER-2 antibody trastuzumab 
has been shown to improve prognosis (Ross and 
Fletcher, 1999). Emerging evidence of common ampli- 
cons in lung adenocarcinomas (Luk el al.^ 2001; Jiang 
et ai,y 2004; Tonon et aU 2005) suggests that additional 
oncogenes remain to be identified; however, conven- 
tional techniques are ineffective in pinpointing such 
oncogenes. Parallel measurement of DNA copy number 
a n d mRN A l ev els i n cDNA microarrays pomi i ts 



overexpression was related to tumor grade, disease stage, 
Ki^7 expression, and a diorter survival of patients. The 
amplification of EE f I A2 and KCIP-I and die presence of 
overexpressed protein in tumor samples strongly suggest 
that these genes could be oncogenes and hence potential 
targets for diagnosis and tiicrapy in lung adenocarcinoma. 
Ont o^rcne {2006) 2Sy 2628-2635. doi:]O.I038/sj.onc.l209289; 
published online 12 December 2005 

Keywords: lung cancer; microarrays; proteomics; tissue 
microarray 
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changes in copy number to be compared with transcrip- 
tion levels on a gene-by-gene basis to generate lists of 
candidate genes within the defining amplicons (Hyman 
et aL, 2002; Pollack et aL, 2002). However, use of 
transcript patterns does not allow assessment of the 
expression of protein products or identification of prolo- 
oncogenes. Another approach, identifying difTerentially 
expressed proteins by protepmic analysis and then 
comparing the proteins present with mR}^ A expression 
in cDNA microarrays from the same specimens* caii 
clarify the extent to which changes in transcript patterns 
reflect changes in their cognate proteins and post- 
transcriptional mechanisms <Chen et aL^ 2002), but this 
approach cannot be used to identify oncogenes driven 
by extensive increases of their gene copy number. 
Moreover, using individual microarrays or proteomic 
approaches alone cannot distinguish the cancer-driving 
oncogenes that directly propel tumor progression from 
the larger number of passenger genes that may be 
xoncurrentiy over-represented but are not biologically 
relevant in tumor development. 
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in this study, we used a comprehensive approach that 
integrated simullaneous comparative genomic hybridi- 
zalion (CGH) and transcript microarray with proteomic 
analyses of six lung adericKarcinoma cell lines. We 
directly and specifically identified four putative onco- 
genes that could have been activated through amplifica- 
tion and. consequent elevation of transcript expression. 
We used small interfering RNA (siRNA) to inhibit the 
expression of two of these four genes in the lung cancer 
cell lines, which further iniplicated them in oncogenesis. 
We then explored the clinical significance of these 
findings by assessing the expression of these two genes 
in tissue microarrays of human lung cancer specimens. 
Our findings underscore the power of integrated 
functional genomic analyses for identifying putative 
oncogenes in lumorigenesis; such activated genes could 
be useful as targets for diagnosis or therapy in lung 
cancer. 



Results 

Sumdiancous global genomic and transcript analyses 
identify 1 83 genes with increases in genomic copy 
numbers and triviscript expression levels 
To identify genes in which increaised DNA copy numl)er 
might contribute to increased transcript in lung adeno- 
carcinomas, first we used CGH with microarrays of six 
lung adenocarcinoma cell lines. We identified S87 genes 
showing increases in DNA copy number across all six 
cell lines (Supplementary Table IS), which were 
distributed as 90 amplicons on all chromosomes except 
for chromosomes 13 and Y (Supplementary Table 2S). 
A subsequent transcript test with the identical arrays of 
the same cell lines revealed 275 genes that showed 
increased mRNA levels (Supplementary Table 3S). 
Using random permutation tests across all cancer cell 
lines, we identified 183 genes (31%) that showed 
elevated transcript levels from the 587 genes that were 
over - rep r esented i n th e gen o me (Table I ), suggesting 



that elevated transcript levels of the 183 genes may 
reflect their genomic over-representation in the cancer 
cells. These findings are consistent with previous reports 
linking genomic changes with altered transcript patterns 
in breast cancer (Hyman et aL, 2002; Pollack et aL 
2002). However, our finding that only 31% of the genes 
showing increased DNA copy numbers had cognate 
increases in transcript expression in lung adenocarcino- 
mas is dilTcrcnt from the overall rates of 40-60% 
reported for breast cancer (Hyman et aL, 2002; Pollack 
el aL, 2002). This discordance may reflect methodologic 
differences between studies or biological difTerences 
between breast cancer and lung adenocarcinoma. 

Proteomic analyses identify four genes for which protein 
abundance yvas associated with increases in the cognate 
gene and transcript levels 

Analysis of transcript patterns is insufficient for under- 
standing the expression of protein products and the 

crfcci of i:onomic o\cr-:x'prcsciuation on the expression 



of their cognate proteins. To extend these findings 
beyond genomic over-representation to expression of 
the protein products of those genes/ we next assessed 
protein expression in the same cell lines by two- 
dimensional polyacryiamide gel electrophoresis (PAGE) 
and found that 42 different proteiins, representing 42 
individual genes, were significantly increased in the 
cancer cell lines (Table 2; Supplementary Figures 1 S and 
2S). Some of these proteins were identified as having 
multiple isoforms, and all individual isoforms exhibited 
increases in expression ranging from 4.6 to 12.8 times 
their expression -in normal lung tissue cells. In compar- 
ing protein level of the 42 genes with changes in their 
cognate genomic and mRNA expression from the global 
microarray analyses, we found that four (9.5%) of those 
42 genes - PRDXI, EEFIA2. CALR, and KCIP-i - 
showed statistically significant correlations between 
elevated protein expressic{^&ml.»x:reaseHi^ 
number and mRNA expression <all r>0.84;: P<0.05) 
(Table 2) in the cancer cell lines. These findings imply 
that the abundance of these four proteins is attributable 
to the amplification and consequent elevated transcrip- 
tion of their cognate genes. 



Validation of copy number, transcript, and protein 
expression of PRDXl. EEFIA2. CALR, and KCIP-! 
in lung cancer cell lines 

To confirm our findings from the hijgh-throughput 
analyses, we next used Southern, Northern, and Western 
blotting to assess DNA, RNA, and protein levels for the 
four genes identified in the six cell lines. For compar- 
ison, we arbitrarily chose one gene, NFKBl^in which an 
increase in protein level did not correlate with genetic 
changes. Overall, we found excellent concordance 
between the CGH microarrdy and Southern blotting 
analyses, transcript array and Northern blotting ana- 
lyses, and proteomic and Western blotting analyses for 
all five genes (Figure I). For example, JlC/A*-/ showed 
fivefold amplification in five of the six cancer cell lines. 
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whereas NFKBI showed no such increase in any of the 
cell lines. As for transcript expression. Northern blotting 
of EEF1A2 showed high expression in five df the six 
cancer cell lines; again, levels of NFKBI transcript were 
not increased in any cancer cell line as compared with 
normal bronchial epithelial cells. The results of Western 
blotting were also consistent with the results or the 
proteomic experiments; for example, 'five of the cancer 
cell lines exhibited strong protein bands for PRDXi as 
compared with normal cells. These findings provide 
strong support for the validity of the results derived 
from the high-throughput techniques in this study. 

These parallel analyses also revealed close correla- 
tions in the extent of changes in gene copies, transcript, 
and protein of each of the four genes in the cancer cell 
lines. For example, in the five cancer cell lines that 
showed at least fourfold increases in EEFJA2 copy 
number, expression of transcript and protein was also 
increased by at least a factor of four as well (relative to 
their expression in normal cells) <Supptennentary Figure 
3S). The protein abundance of die four genes showing 



OncoQCfM 



Best Available Copy 



Identifying oncogenes in lung adenocarcinoma 

HUetal 



2630 



'I'able I List of 183 genes with siatistically significant correlation 
(0.05) between genomic copy number and transcript level 

6V/rr symhoi C/iro, Distance from p arm of each a 

chromosome ( Mh) 



TaUe 1 Uoniimied) 



HNOI 

DDOST 

Sl-N 

MLI* 

AKRIAI 

PRDXI 

UOCRH 

RPL7 

CX)LMAI 

MCl.l 

PSMB4 

JTB 

KPS27 

HAXI 

MUCI 

CCT3 

(. RABP2 

TKT 

ATPIBI 

C1MTi 

SNRPE 

YWHAQ 

ODCI 

RPIJI 

BENb 

STAT I 

HSPDI 

HSPEI 

RPU7A 

IGFDP2 

RPS7 

RABIA 

lOKG 

l.TF 

PKN2 

KPNA4 

S I OOP 

UODH 

UCHLI 

SPPI 

TRrM2 

roB 



I 



SDHA 
PDCD6 
CCT5 
PTPRF 
RPL37 
F.NCI 
QP-C 
SPINK I 
CANX 
SOX4 
HDGF 
RPSIO 
RPLIOA 
VBGF 
OSF.2 
l-SCNI 
CYCS 
CBX3 
IGFBP3 
CLDN4 
MSPBI 
CALR 
ICOLIA2 
ATP5J2 
AKRinin 



2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
4 



5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 



8.5 
20.1 
26.4 
32.2 
45.4 
45.4 
46.2 
96.4 
102.6 
147.3 
148.1 
150.7 
150.7 
151 
151.9 

I53J.. 

153.4 
159.3 
165.8 
199.7 
200.2 
9.6 
10.60 
101.20 
110.40 
191.80 
198.30 
198.30 
217.30 
217.50 
3.30 
65.30 
89.00 
46.3 
151 
I6I.5 
6.7 
.19.3 
41.1 
89.3 
154.7 
.156 
156 



0.251 
0.305 

10.3 

14.2 

40.8 

74 

132.2 
147.2 
179.2 
21.7 
22.6 
34.6 
35.4 
43.7 . 
45.4 
5.3 
24.9 
25.9 
45.7 
72.7 
75.5 
92.7 
93-6 
98.7 
133-6 



0.0085 

0.01 1 1 

0.0113 

0.0114 

0.0128 

0.0122 

0.0125 

0,0127 

0.0129 

0.0222 

0.0131 

0.0134 

0.0135 

0.0266 

0.0143 

0.016'' 

0.0148 

0.0152 

0.0234 

0.0154 

0.0165 

0.0159 

0.0119 

0.016) 

0.0169 

0.0175 

0.0277 

0.0185 

0.0388 

0.0189 

0.0193 

0.0204 

0.0285 

0.0455 

0.0207 

0.0211 

0.1122 

0.0215 

0.0222 

0.0227 

0.0231 

0.0235 

00441 



0.0243 

0.0245 

0.0446 

0.0248 

0.0251 

0.0336 

0.0466 

0.0256 

0.0263 

0.0321 

0.0362 

0.0177 

0.0369 

0.0372 

0.0173 

0.0378 

0.0381 

0.0289 

0.0389 

0.0403 

0.0433 

0.0425 

0.0457 

0.0475 

0.0481 



dene symhoi 


Chro. 


Oiuance from p arm of each 
chromoxome (Afh) 


tt 


KPbzO 


8 


56.7 


0.0482 


TCcBI 


8 


74.6 


0.0486 


LArlM4D 


8 


98.5' 


0.0497 


RPL30 


8 


98.7 


0.0054 


KCIP-I 


8 


101.6 


0.0093 


PABPCI 


8 


101.78 


0;0II9 


EEFID 


8 


144.4 


0.0121 


TSTA3 


8 


144.5 


0.0122 


RPL8 


8 


145.6 


0.0128 


TRAI 


9 


IJ7.I 


0.0136 


RPL35 


9 


121. 1 


0.0133 


HSPA5 


9 


121.5 


0.0135 


LCN2 


9 


124.4 


0.0137 


DPP7 


9 


133.4 


0.0139 


PFKP 


10 


3.2 


0.0223 


AKRICi 


10 


5.1 


0.0146 


PLAU 


•10 - 


75:6™ 


0.0356 


DSP 


10 


76.7 


0.0289 


TALDOl 


II 


0.434 


0.0143 


SLC22AIL 


II 


2.9 


0.0151 


TSSC3 


II 


2.9 


0.0611 


RPL27A 


II 


8.7 


0.0156 


ST5 


II 


8.8 


0.0162 


LDHA 


II 


18.5 


.0.0168 


MDK 


II 


46.4 


0.0162 


DOC-IR 


II 


67.5 


0.0167 


MMPI2 


11 


102.8 


0.0177 


HYOUl 


II 


118.9 


0.0183 


SCNNIA 


12 


6.3 


0,0185 


LDHB 


12 


21.7 


0.0193 


KRT7 


12 


52.3 


0.0196 


KRT5 


12 


52.6 


0.0197 


KRT6E 


12 


52.6 


0.020 1 


ERBB3 


12 


56!2 


0!02I2 


NACA 


12 


56.8 


0.0218 


TM4SF3 


12 


7i.2 


0.0401 


NTS 


12 


86.2 


0.0215 


ASCLI 


12 


103.3 


0.0219 


TXNRDI 


12 


104.6 


0.0223 


CKAP4 


12 


106.6 


0.0124 


COX6AI 


12 


120.7 


0.0435 


BGN 


12 


122.5 


0.0235 


RAN 


12 


129.88 


0.0238 


RPL36A 


M 


48H 




PGD 


14 - 


50.7 


0.0243 

0.0248 


THBS2 


15 


37.5 


0.0251 


TRAF4 


15 


38.3 


0.0253 


SPINTI 


15 


38.7 


0.0254 


RPLI7: 


15 


45.26 


0.041 1 


PKM2 


15 


70. 1 


0.0258 


IDH2 


15 


88.2 


0.02 1 1 


RPL23A 


16 


0.377 


0.0264 


MSLN 


16 


0.753 


0.0366 


UBE2I 


16 


1.3 


0.0271 


RPS2 


16 


1.95 


0.0281 


CLDN9 


16 


3.1 


0.0329 


ARL6IP 


16 


18.7 


0.0412 


EIF3S8 


16 


28.3 


0.0336 


TUFM 


16 


28.9 


0.0377 


ALDOA 


16 


30.1 


0.038 


NME4 


16 


53.6 


0.0381 


GPR56 


10 


57.4 


0.0386 


CDHI 


16 


68.5 


0.0289 


NOOl 


16 


69.5 


0.0396 


SLC7A5 


16 


87.6 


0.0397 


APRT 


16 


88.6 


0.041 1 


GALNS 


16 


88.6 


0.0255 


RPLI3 


16 


89.3 


0.0431 


MCP 


17 


32.4 


0.0465 
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Table I iconimueii) 



(J cue symbol 


Chro. 


Distamv from p arm of each 
chromosome (Mb) 


a 


FRBB2 


*7 


35.11 


0.0483 


JUP 


17 


39.8 


0.0495 




17 


40.39 


0.0505- 


RPL27 


17 


41.) 


0.0046 


NMEI 


17 


46.59 


0.0082 


COMA! 


17 


48.6 


0.0108 


ABCC3 


17 


49.1 


0.0326 


NMK2 


17 


49.6 


0.01 II 




17 


72.7 


0.0117 


SMHHJ 


17 


73.6 


0.01 19 


SYNGR2 


17 


76.6 


0.0122 


LGALS3BP 


17 


77.4 


0.0127 


P4HB 


17 


H0.3 


.0.0126 


PPAP2C: 


19 


0.221 


0.0228 


GPI 


19 


39.55 


0.0145 


HPN 


19 


40.2 


0,0129 




19 - 


41.4 


" o:dtji ~ 


SPINT2 


19 


43.4 


0.0238 


PSMD« 


19 


43.5 


0.0132 


YIFIP 


19 


43.5 


0.0135 


RPSI6 


19 


44.6 


0.0144 


c;i:acam5 


19 


46.9 


0:0145 


CEACAM6 


19 


46,9 


0,0143 


GIPR 


19 


50.8 


0.0259 


SNRPD2 


19 


50.9 


0.0413 


KDELRI 


19 


53.6 


0.0152 


RPL28 


19 


60.6 


0.0156 


RPS5 


19 


63.6 


0.0267 


TRIM2K 


19 


63.7 


0.0158 


DAP 


20 


35.6 


0.0166 


i TOPI 


20 


40.3 


0.0172 


' UBn2C 


20 


45.1 


0.0174 


RPS2I 


20 


61.6 


0.0268 


EnPU2 


20 


62.8 


o!oi85 


TFF3 


21 


42.6 


0.0186 


TKFI 


21 


42.7 


0.0192 


CSTB 


21 


44.1 


0.0201 


MIF 


22 


22.6 


0,0202 


XBPI 


22 


27.5 


0.0204 


PRDX4 


X 


22,9 


0.0198 


SYNI : 


X 


46.3 


0.0204 


TIMPI 


X 


46.3 


0.0209 


PLP2 


X 


47.8 


0.0212 


MAGEUI 


X 




00331 


RPS4X 


X 


71 


0.0124 


SSR4 


X 


152.6 


0.0232 



(Supplementary Figure 4S). In contrast, EEF I A2 and 
KCIP-I protein levels remained unchanged in mock- 
treated control cells and in cells trdnsFected with a 
scrambled siRNA sequence. At 48 h after siRNA 
transrection, the percentage or proliferation of the 
transfected cancer cells was reduced to 1 5-30% as 
compared with 91-100% of cell proliferation of the 
same cell lines treated with PBS or scrambled siRNA 
(Supplementary Figure 58). Apoptosis of siRNA- 
Iransfected cells was 27-34%, whereas only 4% of the 
same cell liries treated with PBS or scrambled siRNA 
showed apoptosis. These results strongly support an 
oncogenic role for the identified genes in lung cancer and 
confirm their potential usefulness as therapeutic targets 
for the disease. 



Amplification and protein expression of KCIP-I mtd 
EEFIA2 in lung tissue 

To further validate these findings and to assess the 
possible clinical significance of the four potential 
putative oncogenes identified from the cell lines, we first 
applied fluorescence in situ hybridization and immuno- 
histochemical analysis, in parallel, to commercially 
available human lung tissue microarrays (Ambion, 
Austin, TX, USA) to evaluate the status of two of these 
four genes in lung cancer tissue specimens. (Commer- 
cially available antibodies to PRDXl or CALR were 
not suitable for use in immunohistocbemical analysis 
when this report was written.) Overexpression of KCIP- 
1 and EEF1A2 protein in the tumors was concordant 
with amplification of the corresponding genes 
(/> = 0.0003 for KCIP-l and P^O.OOll for EEF1A2). 
For example, 16 (35%) of the 46 lung adenocarcinomas 
in the microarray showed amplification of KCIP-I^ and 
strong cytoplasmic staining for fCClP-l protein was seen 
in 18 tumors (39%) (Figure 2). We next examined 
whether overexpression of these genes was associated 
with increased cell proliferation by analysing Ki-67 
expre ss ion in contiguous seotions of the tissue micro 



2631 



corresponding increases in both DNA copy number and 
mRN A provides further evidence that these could be 
oncogenes, the activation of which is reflected by 
genomic amplification and consequent increases in 
transcript level in lung adenocarcinoma cell lines. 

Specific inhibition of EEFIA2 and KCIP-I expression hy 
siRNAs led to decreased cell proliferation and induction of 
apoptosis 

To further prove the oncogenic function of the identified 
genes in lung tumorigenesis, we used siRNAs to inhibit 
the endogenous expression of EEF1A2 and KCIP-1 
I protein in four lung cancer cell lines (HI 563, H229, 
H522, and SK-LU). Transfection of thecanoer cells with 
specific siRNAs reduced the level of EEFIA2 and 
KCiP-l protein by 70 90 'Jo 48h after transfection 



arrays. Positive Ki-67 expression was found to correlate 
with positive expression of both KCIP-I (/' = 0.02) and 
EEFIA2 (P = O.OI). To extend these findings, we then 
studied 1 1 tissue microarray blocks comprising normal 
and tumor tissue specimens from 113 patients with 
pathologic stage I rion-small-cell lung cancer who had 
undergone curative surgery (Wang et aL^ 2005). 
Immunohistocbemical analysis showed that EEFIA2 
was expressed in 32 cases (28%) and KCIP-I in 29 cases 
(26%). Univariate and multivariate Cox proportional 
hazards models were used to detect possible associations 
between EEFIA2 and KCIP-I expression and clinico- 
pathologic variables. Expression of €EFI A2 or KCIP-I 
was associated with short overall survival lime 
(/> = 0.OOI2 for EEFIA2 and /» = 0.0026 for KCIP-I) 
(Supplementary Figure 6S). Age at diagnosis, histologic 
type of cancer, degree of tumor differentiation, and 
smoking history were not associated with survival time. 

Although only two genes were validated in the lung 
tissue microarrays (because available antibodies to 
the other two genes were not suitable for use in 
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Table 2 Proiciiis sliowing significant ovcrcxpression in cancer cell lines relaiive to those in normal bronchiaJ epithelial cell lines and their 

correlation coefficients with increased DNA copy number or mRNA values" 



Wfr. no. 




Gene 


Mw/p\ 


Df* Ki Tint inn 


r II If /I j^e/fP" 
mic copy 


r wttn ntf\rrn 

changed 


Q06830 


5052 


PRDXI 


48.4/5.4 


Pi*roiciivHmtin 1 






005639 


1917 


r:fc:KIA2 


50,5/5,7 


r*lllc!irvnlif* Ininclftlinn f*lnn(riiltnn f**i/*l«M* 1 ulnha 7 
uiUK<iijfuuu iiuiiniciiiiiii wiuiiutiiiun luwiur.i mpnci ^ 






P27797 


811 


CALR 


61 '5.5 


C^si 1 rfl \t*\ \\\n 






P63I04 


7534 


KCIP-I 


27/6.5 


TvrfXklni^ )*nii\nrirtifVfir*ni)cn ficiii/ifinn nmtmn' v^ta 
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"Only Ihe gene .showing statistically significant increased protein expression with increases in both genomic copy number and transcript 
simultaneously will be considered as potential putative oncogene in lung adenocarcinoma cells. V, Speannan correlation coefBdents between 
prowins and genomic or mRNA values arc based on all six cancer cell lines; bold indicates /*<0.05, if r>0.84000. Mw, molecular weight; pA 
i.soelectric point. 



iminunohistocherhical analysis), these findings are con- 
sistent with those from our cell lines, demdnsti^ting 
again that genomic amplification and consequent 
increases in amounts of transcript may be, at least in 
pari, driving the abundance of proteins in these lung 
tumors. The association between expression of these 
genes and that of Ki-67, a known indicator of poor 
prognosis in lung cancer (Martin et aL, 2004), suggests 
that activation of these genes may be an indicator of 
tumor aggressiveness. These results also suggest that 

•expression of EEFl A2 and KClP-1 proteins in stage I 
non-small-cell lung cancer may be useful as a marker for 
distinguishing patients with relatively poor prognosis 
from those who might benefit from adjuvant treatment. 



Discussion 

Our current study illustrates the pov/er of integrated 
functionar genomic analyses for identifying putative 
oncogenes and for evaluating their potential clinical 
significance. Among the foiu* identified oncogenes, three 
genes {PRDXL CALR, and KCIP-I) have been im- 
plicated in lung tumorigenesis. PRDXI is an antioxidant 
protein involved in regulating cell proliferation, difler- 
entiatipn, and apoptosis. Kim et aL (2003) found 
PRDXI expression to be elevated in both lung cancer 
and adjacent normal lung tissue, su^esting that 
activation of P/?/) A"/ may enhance proliferation in lung 
canceir. CALR has a major roje in Ca^* binding and the 
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Rgure I Confirmalion by Southern. Northern, and Western blot 
analyses of inciicased DNA copies, transcript levels, and protein 
levels in the four genes identified in high-throughput analyses. For 
comparison, wc arbitrarily chose one gene, NFKBI, in which an 
increased protein level did not correlate with genetic changes. The 
blotting results arc consistcni with the results from the CGH array, 
irjnscripl array, and protecimtc analyses. Nor, indicates normal 
bronchial epithelial cell line. All the experiments were repealed at 
least three limes with each cell line. Means of normalized lo ^-actin 
signal intensities on Southern. Northern, and Western bloLs, along 
with 95% confidence intervals, were calculated (^-aciin signals ai^ 
not shown in ihc figure; two dincrcnl normal bronchial epithelial 
cell lines were used in the confirmation and only one normal cell 
line is shown in the figure). 
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noted that 90.7% of the genes showing high protein 
expression did not show corresponding increases 
in both DNA copy number and transcript, a finding 
consistent with that of others that transcriptional, 
translational, and post-translational regulatory mecha- 
nisms can greatly influence the abundance of protein 
in lung tumofigencsis (Chen et aL, 2002). For example, 
NFKBI is a critical arbiter of immune responses, 
cell survival, and transformation and is often activated 
in several types of tumors (Chen et aL, 2002): De- 
regulation of NFKBI is thought to be modulated 
through phosphorylation of Ser337 by protein kinase 
A (Chen et aL, 2002). In our study, 68.8% of the 
genes showing over*representation in the genome 
did not show elevated transcript levels, implying 
that at least some of these genes are 'passenger' genes 
that are concurrently amplified because of their 
location wkh respect -nr-amplicbns but lack bidn*' ~ " ' 
logical relevance in terms of the development of lung 
adenocarcinoma. 

Although the potential oncogenes we identified here 
are likely to be important, certainly other oncogenes 
could be involved in the development of lung adeno- 
carcinoma. The oligo microarray we used cohisists of 
22000 probes, which represent only about 60% of the 
human genome. Moreover, each probe was designed for 
the 3' region of expressed sequence tags of the selected 
genes. Also, our results were initially derived from 
cancer cell lines, although the findings were later 
confirmed in human tissue samples. Our ongoing study 
using microarrays with information on more genes 
and the development of high-resolution proteomic 
analyses for use with larger numbers of specimens will 
allow more comprehensive analyses of the molecular 
consequences of gene amplifications. Such expanded 
analyses will very likely lead to the identification of 
additional oncogenes. 

Some of the results of our current study were 
comparable to those of other studies of lung cancer. 
For fixample , genomic c o py number a n d prot ei n levels ~ 



transcriptional regulation of other genes and was 
^recently found to be overexpressed in 73% of 40 lung 
adenocarcinomas (Dates and Edwards, 2000). KCIP-l 
belongs to the 14-3-3 family, which participates via the 
MAPK and Wnt signaling pathways in the regulation of 
many cellular processes including cell proliferation and 
differentiation as well as tumorigenesis (Thomas et aL, 
2005). KCIP'I was recently found to be expressed in all 
12 lung tumors tested in a single-institution study (Qi 
ei aL 2005). Interestingly, EEFIA2 was originally 
considered a putative oncogene in ovarian cancer on 
the busis of its being amplified in 25% and over- 
expressed in 30% of the same set of ovarian tumors 
(Anand et uL, 2002); functional analyses have estab- 
lished its oncogenic role in cellular transformation (Lee, 
2003). Our discovery that EEF1A2 may be a putative 
oncogene in lung adenocarcinoma demonstrates the 
ovver of our functional genomic strategy for rapidly 
entifying potential oncogenes. 

Although the main focus of this study was to 

s(x-cilically idcntily putative oncoi!cncs, it should he 



of KCTP-I were previously found to be amplified and 
overexpressed in primary lung cancers by cDNA clone- 
based CGH array analysis (Jiang et a/., 2004) and 
proteomic analysis <Chen et aL, 2002), respectively. Our 
functional genomic approach, which integrates simulta- 
neous CGH, transcript microarrys, proteomic analyses, 
and siRNA, allows us not only to quickly identify 
potential oncogenes but also to explore their significance 
as diagnostic and therapeutic targets in tumor progres- 
sion - more than could be achieved by any technique 
alone. 

Genes identified in this way may serve as promising 
targets for diagnosis and therapy in lung adenocarci- 
noma. Further research on the clinical implications of 
such genes is needed; experiments now underway in our 
laboratory include overexpression of the genes in 
normal cells, disruption of the function of these genes 
in cancer cells, and investigation of how interactions 
among these genes (or interactions with other known 
oncogenes) may mediate the expression of the trans- 
formed phenotype. 
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Figure 2 £fF/>42 amphficauon is associated with high EEFIA2 protein expression in lung adenocarcinomas. <a) Cells from a lung 
adenocarcinoma sample m which EEFIA2 is amplified show more green signals (EEFU2J than red signals (chromosome 20 
ccntromcnc prot«) (original magmacation. x 400). (b) rmmunohistochemical staining of cells from the same tissue sample as in panel 
a shows strong EEF I A2 staining in the cytoplasm, (c) A lung adenocarcinoma sample with two copies of EEFIA2 and chromosome 20 
ccntromcnc probe, indicating no EEFU2 amplification (original magnification, x 400). (d) Immunohistochemical staining of cells 
Iroin the same tissue .sample as in panel c shows negative staining for EEFI A2. • 



IVIaterials and methods 

Cell lilies 

Six human lung adenocarcinoma cell lines (H23, H229, H I 792, 
SK-LU-I. H522, and HI 563) were obuined from the 
American ly\y& Culture Collection (Manassas, VA, USA). 
Two norma l bronch i nl ep i thelial ocl l l i ncs were o b taine d fr o m 
Clonicch (Palo Alto, CA, USA). Genomic DNA, mRNA, and 
protein were derived from a single harvest of these cells. 

DNA and RNA profiles by microarray analysis 
Genomic DNA labeling and hybridization were performed as 
described previously (Barrett et uL 2004) with Agilent's 
Human I A Oligo Microarray (V2) (Agilent Technologies, 
Palo Alto, CA, USA), which, contains 22000 unique 60-mer 
oligos. Details of the protocol for analysing transcripts are 
available at htlp://\vww.cheni.agilent.com. Map positions for 
arrayed genes were assigned by identifying the DNA sequence 
represented in the UniGene cluster and matching it with the 
Golden Path genome assembly (http://genome.ucsc.edu/; Mat 
7, 2004 Freeze). Microarray images of DNA copy number and 
expression were analysed by using AgilentCGH Analytics and 
Feature Extraction software. DNA copy number profiles that 
deviated significantly from background signal ratios (measured 
from normal control cell hybridization, as described elsewhere; 
Barreit c/ «/.. 2004) were inlerpreted as evidence of true 
j differences in DNA copy number. The criteria for defining 
genomic ovcr-reprcscntation and amplicons are described 
elsewhere (Hviiiju rf uL. 2002): (k-uiils arc given in the. 



Supplementary Information. An increase in mRNA leveJ was 
defined as a twofold increase in signal ratio relative to that of 
the control (log: > I). 

Quantitative two-dimensional PAGE and mass spectrometry . 
Analysis of proteins by two-dimensional PAGE and their 
idenuticaiion by ma$5 spectrometry were performed as" 
previously described (Shen et al., 2004). Briefly, protein pellets 
were solubilized in rehydration buffer, after which the first- 
dimension isoelectric focusing was carried out with a Protean 
lEF Cell (Bio-Rad Laboralori*^) and the second-dimension 
separation was carried out with Bio-Rad's Ready Gel Precast 
Geis and the Bio-Rad Criterion Cell apparatus. Protein spots 
were visualized by silver-based staining, and all gels were 
assessed with Bio-Rad's PDQuest 2D gel image analysis 
software. Selected spots were subjected to in-gel tryptic 
digestion and analysed on a Voyager-DE PRQ matrix-assisted 
laser desorptipn ionization/time-ofrflight mass spectrometer 
(Applied Biosystems, Foster City, CA, USA). The mass list of 
the 20 most intense monoisotopic peaks for each sample was 
entered in the MS-Fit search program (v3.2.l) (http:// 
prospector.ucsf.cdu/ucsfhtml4.0/msfit.htm) and searched in 
the National Center for Biotechnology Information protein 
database. 

Southern. Northern, and Western blot analyses 
Southern, Northern, and Western blot hybridizations were 
performed according to standard protocols. cDNA clones for 
the tested genes were purchased from Tnvitrogen (Carlsbad, 
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CA. USA) and prepared as probes for the blot hybridizations. 
Antibodies used were obtained as follows: PRDXI, CALR, 
NFKBI, KCIP-L and fi-dcim from Santa Cruz Biotechnology 
(Santa Cruz. CA. USA); and EEFIA2 from Upstate Biotech- 
nology (Waltham. MA. USA). 

F/uoresvence in situ hyhridizalhn and imnnmohisiochcmical 
analyses of lung tissue niicrnarrays 

Fluorescence in situ hybridizations and immunohistochemical 
analyses of KCIP- 1 and F-EFI A2 were carried out as described 
el.scwhcrc (Jiang ct aL 2002; Wang et aL 2005) with Lung 
Tissue Microarrays (Ambjon, Austin, TX, USA) and 11 
homemade microarray blocks containing tissue samples from 
1 13 patients with pathologic stage I non-small-ccll lung cancer 
(Wang ct 2005). DNA probes specific for KCIP-I and 
EEFIA2 were obtained by screening a Human BAC Clone 
library (Invitrogcn) by poIymcra.sc chain reaction as described 
previously (Jiang ct aL. 2002). The antibodies used for the 
immunohistochemical analyses were th e sam e as those used 
Tor Ihe ^Wcslern bloiiingi r£:ell proliferation of the lung tissues 
was assessed with a Ki-67 monoclonal antibody from Santa 
Cruz Biotechnology. Definitions of the cutoff value for a 
positive result of each antibody are shown in Supplementary 
Information. 

siRNA transfection, celhtiar prolifcralion assay, andapoptosis 
analysis 

Transfeclions were carried out by using siPORT Lipid 
Transfection Agent (Ambion) with siRNAs targeting KCIP-I 
or EEFiA2 or with a scrambled siRNA duplex (siControl) 
(Dharmacon Inc., Lafayette, CO, USA), with PBS used as a 
negative control (Jiang et ai., 2002). Cells were fixed 24, 48, or 
96 h later and subjected to further tests. Ail siRNAs were 
prepared by using a transcription-based method with Silencer 
siRNA according lo the manufacturer's instructions (Am- 
bion). Sequences of the individual siRNAs are listed in 
Supplementary Table 4S. Inhibition of cell growth by the 

References 

Anand N, Murthy S, Amann G, Wemick M, Porter LA, 

Cukier IH et ai (2002). Nat Genet 31: 301-305. 
Barrett MT, SchefTcr A, Ben-Dor A, Samjias N, Lipson D, 



siRNAs was determined by MTT staining, and cell growth 
rate was plotted against the percentage of viable cells in the 
sailine-treated controls (a value arbitrarily set at 100%) (Jiang 
et at,, 2002). Apoptosis was analysed by fluorescence cell 
cycle analysis of terminal deoxynucleotidy! transferase- 
mediated dUTP nick-end labeling with FITC-labeled dUTP 
(Boehringer IVIannheim Biochemicals, Mannheim, Germany) 
<Jiang et aL, 2005). 



Statistical analyses 

Relationships between gene copy number and mRNA level 
were examined as described elsewhere (Hyhian et aL. 2002, 
Supplementary Information). Correlations between protein 
abundance and DNA copy number and mRNA expression of 
the corresponding genes were evaluated with the Spearman 
correlation coefficient. Fisher's exact test and ;f^-tests were 
used to analyse assodations between amplification and 
expression of the candidate genes with various histopatholOj|ic 
variables of the"j>jiimplcs in the tissue mtcix)array8.^UnivaiTatc" 
and multivariate analyses were curried out with Cox's 
proportional hazards model to determine which independent 
factors might have a joint significant influence on survival. A 
P-value <0.05 was considered statistically significant; all 
statistical tests were based on a two-sided significance level. 
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Abstract: Epithelial tumors develop through a multistep process driven by 
genomic instability frequently associated with etiologic agents such as pro- 
longed tobacco smoke exposure or human papilloma vims (HPV) infection. 
The purpose of the studies reported here was to examine the nature of genomic 
instability in epithelial tissues at cancer risk in order to identify tissue genetic 
biomarkers that might be used to assess an individual's cancer risk and 
response to chemopreventive intervention. As part of several chemoprevention 
trials, biopsies were obtained from risk tissues (i.e., bronchial biopsies fk-om 
chronic smokers, oral or laryngeal biopsies fk-om individuals with premallg- 
nancy) and examined for chromosome instability using in situ hybridization. 
Near ly all biopsy specimens show evidence for chromosome instability 
ttirougnout tne exposed nssue. increased chromosome mstaSnity was ob^kred 
with histologic progression In the normal to tumor transition of head and neck 
squamous cell carcinomas. Chromosome instability was also seen In premallg- 
nant head and neck lesions, and high levels were associated with subsequent 
tumor development In bronchial biopsies of current smokers, the level of 
ongoing chromosome Instability correlated with smoking intensity (e.g., 
packs/day), whereas the chromosome index (average number of chromosome 
copies per cell) correlated with cumulative tobacco exposure (i.e., pack-years). 
Spatial chromosome analyses of the epithelium demonstrated multifocal clonal 
outgrowths. In former smokers, random chromosome instability was reduced; 
however, clonal populations appeared to persist for many years, perhaps 
accounting for continued lung cancer risk following smoking cessation. 

Keywords: chromosome instability; epithelial cells; aerodigestive tract; 
chemoprevention; cancer risk 



THE NEED FOR BIOMARKERS OF CANCER RISK AND 
RESPONSE TO INTERVENTION 

Epithelial cancers remain a major health challenge in the world. Despite improve- 
ments in staging and the application and integration of surgery, radiotherapy, and 
chemotherapy, the 5-year survival rate for individuals with lung cancer is only about 
15%.^ Even if strategies for early detection are successful and lung cancers 
are detected at a stage where local tumor resection and treatment is curative, 
these patients will still be at significant risk for developing second primary tumors 
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associated with the problem of field cancerization.^ Similarly, for individuals with a 
first head and neck primary tumor, even if the first malignancy is successfully treat- 
ed, the risk of developing a second primary m the tobacco smoke-exposed field is 
approximately 40%.^ Similar cancer risk estimates exist for individuals who exhibit 
severe dysplasia in premalignant epidielial lesions."* For these reasons, it is important 
to focus on chemopreventive strategies to prevent the development of epithelial 
malignancies. 

Several problems confront chemoprevention trials designed to identify effica- 
cious agents.^ First, chemoprevention trials with cancer incidence as a primary end- 
point require tens of thousands of subjects and tens of years of intervention and 
follow-up for statistical evaluation. For example, a recently reported trial involved 
30,000 subjects and required 10 years in order to examine the impact of prevention 
strategies on lung cancer development, only to find a possible increased lung cancer 
incidence in current smokers who received P-carotene.^ 

The problem of large, long-term trials results from die difficulty in identifying 
individuals at highest cancer risk who might best benefit from chemopreventive 
intervention. For example. 20 pack-year smokers, while known to be at relatively 
increased risk for developing lung cancer, have approximately a 10% lifetime risk 
for developing lung cancer/ This seriously limits the number of potentially useful 
strategies-thatcan he rl in ically-explored^ secondproblemiiacing-cheinoprevcntion- 
trials is that little is known about what agents are likely to have efficacy, and even 
less is known regarding proper doses, schedules, and durations of treatment. Part of 
the reason for this problem is that too little is known about the physiologic processes 
that drive epithelial cancer development. 

In order to reduce the number of subjects and the time required to carry out 
chemoprevention trials and thus allow the exploration of multiple prevention strate- 
gies, two types of advances are necessary. First, it is important to identify individuals 
at significantly increased cancer risk who might best benefit from different types of 
intervention. Second, in order to allow the rapid identification of agents, doses, and 
schedules of potentially efficacious agents, it is necessary to identify and validate 
surrogate endpoints of response that indicate whether the agents are having a posi- 
tive impact on the target tissue during the chemopreventive intervention. 

One approach to identifying individuals at increased aerodigestive tract cancer 
risk is to explore epidemiologic features of potential subjects. Molecular epidemio- 
logic studies are beginning to identify intrinsic host factors that place some individ- 
uals at increased cancer risk, especially tiiose with a chronic smoking history.* Most 
intrinsic factors identified thus far reflect levels of carcinogen metabolism, repair 
capabilities of the host following DNA damage, and other measures of intrinsic 
cellular sensitivity to mutagens. While tiiese factors can provide statistically signif- 
icant risk ratios in case-control studies that are controlled for tobacco exposure, the 
detected risk ratios usually fall in the range of 1.5 to 10. Unfortunately, this is not 
sufficient for the individualization of treatment and is not sufficiently high to signif- 
icantly reduce the numbers of subjects required for chemoprevention trials with 
cancer incidence as the primary endpoint. 

Another approach to identifying individuals at increased cancer risk is to directiy 
examine the target tissue of individuals with known carcinogen exposure (e.g., 
chronic tobacco smoke exposure), who have evidence of target organ dysfunction 
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(e.g., chronic obstructive pulmonary disease, changes in voice quality), or who 
have clinical evidence of premalignancy (e.g., bronchial metaplasia/dysplasia, oral 
leukoplakia/erythroplakia, cervical intraepithelial neoplasia). The conventional 
standard for assessing cancer risk in these situations is die degree of histological 
change. However, while individuals who show moderate to severe dysplasia are 
known to be at increased cancer risk when compared to individuals with lesser his- 
tologic changes, it is often difficult to distinguish reactive changes to carcinogenic 
insult fix>m initiated and progressing lesions. Similarly, upon cessation of carcino- 
genic insult, histologic changes may reverse yet cancer risk may continue for many 
years. For example, while smoking cessation is associated with decreased bronchial 
meUpiasia,' increased lung cancer risk continues for many years beyond smoking 
cessation. In fact, nearlv half the newly diagnosed lung cancer cases in the USA 
occur in former smokers. ^ ' 

The development of assays to identify individuals at high epithelial cancer risk 
and to directly assess response to intervention in the target tissue is therefore an 
important research goal. Such assays should be objective and easily quantifiable and. 
if possible, minimally invasive. Moreover, diey should reflect both the disease pro- 
cess and the targeted pathway and thereby be useful in assessing risk and monitoring 
response to intervention as well as directly testing the hypotiiesized mechanism of 
action-of-the-Ghemopreventiv^-stfate^c. 

In die chemoprevention setting it is important to recognize that one does not 
know the location of the future cancer. Thus, assays must necessarily be carried out 
on random biopsies of tiie field at risk. Even if d>ere are clinically evident premalig- 
nant lesions, this does not mean that this is die likely site for a future malignancy. 
For example, nearly half of die cancers that develop in individuals witii oral leuko- 
plakia arise away from the original index lesion. Similarly, since many newly diag- 
nosed lung cancers arise in die peripheral parts of die lung (e.g., adenocarcinomas), 
especially in former smokers, and since endobronchoscopy predominantly accesses 
central components of the lung, it is important to identify biomarkers diat can reflect 
global processes ongoing in the taiget epidielial field associated widi increased can- 
cer risk. Their discovery requires a better understanding of die tumorigenesis pro- 
cess in epithelial fields at cancer risk. 



THE RATIONALE FOR STUDYING 
GENOMIC INSTABILITY AS A MARKER OF RISK 

Tumors of die aerodigestive tract have been proposed to reflect a "field canceriza- 
tion" process whereby die whole tissue is exposed to carcinogenic insult (e.g., tob- 
acco smoke) and is at increased risk for multistep tumor development.'^" Several 
types of clinical and laboratory data support diis notion, including die frequent 
occurrence of synchronous primary and subsequent second primary tumors in the 
aerodigestive tract (frequenUy exhibiting dissimilar histologies as well as distinct 
genetic signatures'^'^) and die presence of premalignant lesions diat precede and/or 
accompany die tumor in die exposed tissue field.'^ The notion of a multistep tumor- 
igenesis process is further supported by serial clinical and histologic evaluations of 
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target tissue or exfoliated cells where increasing degrees of histological abnormali- 
ties are observed over time.^^ 

A working model for aerodigestive tract tumorigenesis is illustrated in Figure 1. 
l^imorigenesis in the face of carcinogenic exposure likely involves a chronic process 
of tissue injury and wound healing. DNA damage induced by the carcinogen is likely 
fixed into permanent genetic changes (e.g., chromosome damage, chromosome non- 
disjunction, gene mutation, gene deletion, etc.) during the process of proliferation. 
This damage would be expected to be distributed throughout the exposed tissue field 
leading to a background of generalized genomic damage (depicted in Roure 1 as a 
background mat of increasing density). Chronic injury and repair likely leads to the 
accumulation of cells with increasing amounts of genetic changes as well as the out- 
growth of abnormal clones (triangles in Figure 1) carrying an accumulation <5f 
genetic changes important for selective survival, dysregulated growth, and preferen- 
tial epithelial take-over by initiated clones (see Figure 2), 

Cellular and molecular evidence for the field carcinogenesis and multistep tum- 
origenesis model comes from many laboratories. ^^^^^^ With the advent of a wide array 
of molecular technologies, a large number of specific molecular genetic and epige- 
netic changes involving specific oncogenes, tumor suppressor genes, cell regulatory 
genes, and repair genes have now been described for aerodigestive tract cancers. The 
.idfiatifi cati on of these s pecific molecular chan ges have now provided p rn^f g tn 
explore specific events occurring in premalignant lesions adjacent to aerodigestive 
tract tumors.^'~24 Frequently, these premalignant lesions showed a subset of the 
same molecular changes found in the associated tumor, suggesting that these lesions 
might represent precursor lesions for the associated tumors (i.e., a manifestation of 
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FIGURE 1. Field cancerization and multistep tumorigenesis. 
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FIGURE 2. Multiple focal clonal evolution during multistep tumorigenesis. 



a multistep tumorigenesis process). For example, studies of the premaUgnant lesions 
adjacent to head and neck tumors have provided evidence for a gradual accumulation 
of genetic alterations accompanied by evidence for dysregulation of cellular control 
mechanisms (e.g., alterations in expression of PCNA. EGFR, TGF-B, p53 and 
cyclinDl).^^^ 

These types of studies have now also been applied to tiie target epitiielium of indi- 
viduals at increased risk for aeiodigestive tract cancer (i.e., individuals witii a chron- 
ic smoking/alcohol history and/or prior aerodigestive tract cancer). Several groups 
(using polymerase chain reaction. PGR, analysis of microdissected epithelium) have 
now demonstrated tiie presence of clonal outgrowths in die target premalignant epi- 
theliuna of individuals at increased risk for cancer.^^^* For example, examination of 
bronchial biopsies derived from individuals with a 20 pack-year smoking history 
demonstrated tiiat 76% of the cases showed evidence for LOH (3pl4, 9p21. or 
17pl3) in at least one of six lung biopsy sites. On a per site basis, some foiin of LOH 
was observed in 25% of the sites examined.^^ 

If aerodigestive tract cancer development reflects a field cancerization process 
involving multistep events, then risk and response information should be able to be 
derived from random biopsies or exfoliated cells from die field at risk or from assess- 
ments of tissue undergoing similar processes. Hypodietically, lesions exhibiting the 
greatest degree of genomic instability, clonal outgrowtii. and abnormal epidielial 
regulation would be at die highest relative aerodigestive tract cancer risk. Similarly, 
an active chemopreventive intervention might be expected to decrease diese mani- 
festations of risk. Reduced risk manifestations include decreased levels of ongoing 
genetic instability, decreased frequency of clonal outgrowths, and increased epidie- 
lial growth regulation. 



Best Available Copy 



6 ANNALS NEW YORK ACADEMY OF SCIENCES 

THE MEASUREMENT OF CHROMOSOME INSTABILITY USING 
CHROMOSOME IN SITU HYBRIDIZATION 

Molecular genetic techniques, while extremely useful for detecting clonal chang- 
es in targets tissues, are somewhat limited in their ability to detect random genetic 
inistability. Conventional cytogenetic assays are useful for detecting chromosome 
instability and clonal chromosome changes. However, they require numbers of 
dividing cells for karyotypic analysis that are difficult to attain in the setting of biop- 
sies acquired during the course of a chemoprevention trial. A technique was there- 
fore needed that would allow chromosome instability measurements in situations 
where few cells are available (e.g. small biopsies, brushings, or spunim samples) and 
where the target material might be fixed. It was also desirable to have a technique 
that would be adaptable to tissue sections, whereby spatial information could be 
retained and genotype/phenotype associations could be determined on the same or 
adjacent tissue sections. The technique of in situ hybridization (ISH) involves the 
use of DNA probes that recognize either chromosome-specific repetitive target 
sequences, chromosome single gene copy sequences, or sequences along the whole 
chromosome length or chromosome segments.^^ j^gy^ adapted the ISH technique 
for formahn-fixed. paraffin-embedded tissue sections and have applied it to a variety 
of t issues, including the aerodigestive tract.^^'^ 

Using probes that label the centromere regions of specific chromosomes, this 
assay permits determination of the average chromosome number per cell for each 
specimen. This assay is also useful for detecting generalized chromosome instability 
during the tumorigenesis process. Normal diploid populations should have two cop- 
ies of each autosomal chromosome and should rarely show three or more chromo- 
some copies per cell (chromosome polysomy). especially in tissue sections where 
nuclear truncation results in an under-representation of chromosome copy number. 
Thus, the detection of cells with three or more chromosome copies would indicate 
the presence of chromosome instability. 

To examine this technique's potential for characterizing the multistep tumorigen- 
esis process in the aerodigestive tract, we measured the fraction of cells exhibiting 
three or more chromosome copies in apparently contiguous epithelial transitions 
from normal to hyperplastic to dysplastic to carcinomas, all on a single tissue slice 
of head and neck squamous cell carcinomas.^ In these specimens, greater than 35% 
of the cases of adjacent "normal" epithelium, greater than 65% of the cases of hyper- 
plastic epithelium, and greater than 95% of the dysplastic and tumor regions showed 
evidence of chromosome polysomy. Of interest, similar transitions of chromosome 
instability were observed with at least four different chromosome probes. Similar 
trends have also been observed in amenable tissue from other epithelial malignan- 
cies, including cervix, bladder, and breast.^' These results thus suggested that the 
notions of field cancerization and multistep tumorigenesis might apply to several 
epithelial tissues and that measures of chromosome instability might be useful for 
monitoring this process. 

In the situations described above, the premalignant lesions examined might be 
considered to represent epithelium at 100% risk of being in a cancer field, since they 
were located in the adjacent epithelium to the cancer. This then raises the question 
of the nature of genetic instability in the epithelium of individuals at increased risk 
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for developing cancer. To explore this issue, we obtained biopsies during the course 
of leukoplakia chemoprevention trials exploring the use of 13-ci^-retirioic acid in 
reversing leukoplakia and probed them for genetic instability using in j/m hybridiza- 
tion. In one retrospective study and in one prospective study of subjects with oral 
leukoplakia, the results indicate that those subjects whose pretreatment biopsies har- 
bor relatively high levels of genomic instability (i.e., more than 3% of the cells 
examined showing at least 3 chromosome 9 copies per cell) have a significantly 
higher likelihood of suffering early onset of head and neck cancer.^**^^ Interestingly, 
half of the tumors that did develop occurred away from the biopsy site used to mea- 
sure genetic instability. This result suggests that genomic instability measurements 
in carcinogen-exposed tissue can provide useful cancer risk estimates. 



THE RELATIONSfflP BETWEEN TOBACCO EXPOSURE AND 
CHROMOSOME INSTABILITY 

In recent years, the aerodigestive tract chemoprevention group at M.D. Anderson 
Cancer Center has initiated three sequential biomarker-associated chemoprevention 
trials involving chronic smokers with a greater than 20 pack-year smoking history. 
In-eaQl^of.these-studieSrendobFonGhial-biopsiefi-weie4>btainedicom-si^ 
within the lung, including the carina and at bifurcation points at the upper, middle, 
and lower right lung and at the upper and lower left lung. Biopsies were obtained pri- 
or to and following chemopreventive intervention and were subjected to in situ 
hybridization analysis in addition to analyses for other biomarkers. The first impor- 
tant finding was that some degree of chromosome polysomy was evident in all lung 
sites exaniined, and this was observed independently of the particular chromosome 
probe utilized.^^ This finding supports the notion that random chromosome changes 
may be occurring throughout the exposed lung field. 

In a second study, bronchial biopsies were obuined from individuals with a 20 
pack-year smoking history. In this study, most of the subjects involved were current 
sraokers.^^ Interestingly, all cases who showed metaplasia at one of six biopsy sites 
also showed chromosome polysomy in at least one biopsy site; overall. 88% of the 
sites showed some evidence of chromosome 9 polysomy.^ Evide;nce for genetic 
instability was also detected in patients who did not show evidence of bronchial 
metaplasia in any of six biopsy sites despite a strong smoking history. In fact, more 
than 90% of the cases and more than 60% of the sites showed significant chromo- 
some polysomy (i.e., at least three copies in at least 2 % of the cells examined). 
These results suggest that die lungs of long-term smokers show significant evidence 
of genetic instability, and this instability can be detected throughout the accessible 
bronchial tree, even when bronchial metaplasia is not evident. 

These studies in current smokers has allowed us to examine the relationship 
between the levels of genetic instability detected and subject characteristics such as 
smoking status (current or former), smoking history, and lung tissue pathologic 
changes. Evaluable biopsy material has now been obtained from more than 108 cur- 
rent smokers, including more than 480 evaluable biopsy sites. The mean metaplasia 
index in these current smokers was 30.4%. For the total population studied, tiie 
median chromosome index for the bronchial biopsies was 1.41 (range. 1.04-1.61) 



Best Available Copy 



8 ANNALS NEW YORK ACADENfY OF SCIENCES 

and the median chromosome polysemy index was 2.0% (range Q-8.7%). This can be 
compared to a mean chromosome index between 1.2-1.4 for lymphocytes and very 
rare chromosome polysemy. Interestingly, die intrasubject variability in chromo- 
some instability was relatively low in most subjects and was less than the intersub- 
ject variability. Hiese results suggested that chronic smokers harbor detectable 
chromosome instability throughout the accessible bronchial tree (supporting the 
field carcinogenesis notion) and that information from one biopsy site might yield 
representative infermatien for the rest of the lung field. 

Since most of the current smokers exhibited bronchial metaplasia in at least one 
of the biopsied sites, diis allowed us to examine the relationship between chromo- 
some instability and histologic changes, both on a site-by-site basis and on a per case 
basis. On a site-by-site basis, the chromosome indices of lesions showing squamous 
metaplasia were similar to those not showing metaplasia (i.e.. median 1 .43 vs. 1 .43), 
and the degree of chromosome polysemy in metaplastic lesions were only slightly 
higher than in non-metaplastic sites (medians: 2.2% vs. 1.8%, respectively). Thus, 
die presence or absence of squamous metaplasia at a biopsy site does not necessarily 
correlate with the degree of underlying genomic instability. On the other hand, diose 
subjects with metaplasia indices of at least 15% also showed higher levels of chro- 
mosome polysemy than did subjects with metaplasia index below 15% (medians: 
2A% vs. 1.8%. D = 0.QQ5). Thus, these chrnmoso m f infff^iW l it y ?ftsf ffs m gntfi i n ^uji-_ 
rent smokers appeared to reflect a more global process in the lung field. 

Tobacco exposure has been shown to significantly increase the risk of developing 
lung cancer, and the degree of risk is related to the extent of tobacco exposure. We 
were interested in determining the relationship between individuals* smoking histo- 
ry parameters and die levels of chromosome change found in their lungs following 
years of tobacco exposure. While there was significant intersubject variation for sim- 
ilar tobacco exposure histories, overall there was a significant correlation between 
die degree of chromosome polysemy and die intensity of ongoing tobacco exposure 
(packs/day. p = 0.02 on a per site basis) and widi die extent of tobacco exposure 
(pack-years, p = 0.003). Thus die amount of chromosome polysemy reflects die 
intensity and extent of tobacco exposure. At die same time, individuals widi similar 
smoking histories showed widely divergent amounts of chromosome polysemy, pos- 
sibly reflecting differences in intrinsic sensitivity between subjects. There was also 
strong correlation between die chromosome index and die duration of the smoking 
history (smoking years) and total accumulated exposure (pack-years, p = 0.0001). 
These results suggest diat tobacco exposure is associated widi die initiation and 
accumulation of chromosome instability in the exposed lung; however individuals 
are differentially sensitive to carcinogenic insult. The working hypothesis is that 
diose individuals who accumulate die highest degree of chromosome changes will 
be at the highest lung cancer risk. 

Many of die bronchial biopsies from chronic smokers examined by in situ hybrid- 
ization showed a rise in the chromosome index above diat expected for a diploid cell 
population, especially in subjects widi an extensive smoking history. The rise in 
chromosome index was also accompanied by an increase in die fraction of cells 
exhibiting at least 3 chromosome copies per cell. To determine if a rise in die tissue 
chromosome index was due to clonal expansion of populations widi chromosome tri- 
somy, die chromosome copy number and relative coordinates of each cell scored in 
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the bronchial epithelium was recorded and a spatial genetic map was created.^^ We 
then developed algorithms for calculating localized chromosome indices within the 
tissue. Since trisomic clones would have, on average, three chromosomes instead of 
two, those cells involved in neighborhoods with chromosome indices three-halves 
that of diploid populations could be marked as being part of a trisomic clone. Simi- 
larly, groups of cells with chromosome indices half that of diploid populations could 
be marked as being part of a monosomic clone. This allowed the generation of a sec- 
ond-order, two-dimensional genetic map representation of the bronchial epithelium 
showing the relative locations of cells involved in monosomic and trisomic clonal 
outgrowths. When adjacent tissue sections from the same bronchial biopsy were 
probed separately for different chromosomes, the detected clones appeared to occu- 
py separate subregions of the epithelium. This result suggests diat not only are the 
lungs of chronic smokers undergoing a process of genetic instability, they are expe^ 
riencing the outgrowtfi of multiple clones throughout the exposed lung field, as pos- 
tulated by the models shown in Figures 1 and 2. One advantage of this clonal 
approach is that the contribution of both monosomic and multisomic clones can be 
detected. 

Since smoking cessation has been suggested to reduce the liing cancer risk, it was 
of interest to determine whether the levels of chromosome instability would decrease 
JoliQwing^ smoking cessation. This question was possible to examine because our 
third sequential chemoprevention trial involved subjects who had discontinued 
smoking. So far. more than 220 subjects (more than 650 biopsies) who have quit 
smoking (mean 9.9 quit-years) have been evaluated for chromosome instability in 
their lungs. Despite the fact that the mean metaplasia index in this group is 5.8% 
(considerably less than that in current smokers), chromosome instability is still 
observed in the majority of subjects.'*^ While the mean chromosome polysomy level 
is reduced to 1.0%, some individuals continue to show polysomy levels above 5%. 
Interestingly, while the overall chromosome polysomy levels were reduced in these 
individuals who stopped smoking, the mean chromosome index remained at about 
1 .4 with some individuals exhibiting chromosome indices as high as 1.8. Initial chro- 
mosome mapping studies suggest that while random chromosome instability seems 
to decrease following smoking cessation, the clonal outgrowdis may remain for 
many years in the lung. The working hypothesis is that those individuals who show 
the greatest degree of remaining chromosome instability are at the highest lung can- 
cer risk despite smoking cessation. Long-term follow-up on these subjects will be 
necessary to test this hypothesis. 

SUMMARY AND CONCLUSIONS 

Aerodigestive tract tumorigenesis spears to be a multistep process taking place 
throughout the tissue fields of exposure. When viewed in the context of chromosome 
changes, carcinogen exposure appears to be associated with the random acquisition 
of chromosome polysomy throughout the exposed field, die degree of which is relat- 
ed to die degree and extent of carcinogen exposure as well as to the instrihsic suscep- 
tibility of the exposed individual. Continued exposure leads to continued acquisition 
of new changes and, in association widi chronic wound-healing processes, to the 
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accumulation of clonal outgrowths throughout the target tissue. Although the ulti- 
mate malignancy may occur in only one or few tissue sites, manifestations of the 
instability process that drives tumorigenesis is globally present in the tissue. Thus 
random biopsies may provide useful risk information for the exposed field as a 
whole. Even when carcinogen exposure is reduced or chemopreventive strategies are 
initiated and histologic manifestations of the tumorigenesis process subside, the 
genetic scars of prior exposure remain in the form of clonal outgrowths and may 
explain continued lung cancer risk in ex-smokers. Future chemoprevention strategies 
need to focus on reducing the degree of chromosome instability and on trying to 
eliminate residual abnormal clonal outgrowths in the aerodigestive tract. In this set- 
ting, the measurement of chromosome instability in the target tissue will be useful in 
assessing cancer risk as well as response to intervention. 
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